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Ge=D~ Gamma Radiation in Foxholes.

ABSTRACT

Project 3.9 had four objectives, each directed toward filling a
particular gap in the knowledge of atomic effects on and in field
fortifications., Because each objective necessitated an independent
experimental set-up and essentiglly constituted.a test within itself,
the report is presented in, fout parts: : General Effecte on

Field Fortificatiopg; Pressure Measurements in Field Forti- [,y
fications; Fnr%—gigifﬂeflected Thermal Radiation in Foxholes;

to supplement previous tests by
oving the detaiicd atomic effects on

The objective of Part I
obtaeining qualitative evidence

field fortificitions with overhea¥ cover and revetrsnt, In presenting

the background, the important past \ests were summarized; and the
sunnary was extended in Appendix G, Where an attempt was made to
establish blast damage curves suitable for inclusion in TM 23-200 by
applying a statistical analysis to the observations of blast damage
made in Exercise DESERT ROCK I to V. To supplement past tests and
accomplish the objective, two types of comstruction end a variety of
common materials were used for the revetment and ov:rhead cover of
fifty test structures. These structures represented three types of
field emplacements - the command post, machine gun ezplacement, and
two-man foxhole, From the test, a detailed evaluztion of the damage
done to the structures was consolidated with observetions made in

past tests; and qualitative conclusions were dravn or the vulnerability
of these types of fortifications to the effects of an atomic explosion,
Recommendations were made concerning procedure to be followed in the
event of future testing of improved fortification designs; future
testing of the present (FM 5-15) type was considered umnecessary,

The objective of Part II was to study the megnitude and character-
istice of overpressure build-up in field fortifications, The peak
overpressures recorded by the Wiancko pressure-time gages within the
open two-man foxholes were between 1,87 and 1,55 tizes the incident
overpressure at ground level, Peak pressure measurexzents made with
indenter gages on the walls and floors of these foxhol indicate
fev overpressures unusually higher or lower than thoe .dicated
above, It is recommended that no further testing te conducted unless
the physiological effect of these overpressures on & human is shown
to be significant,

The objectives of Part III were to make measurezents of the
reflected thermal radiation within open two-man foxholes and to
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determine a method of scaling to a range of possible situations., It
is possible to predict the reflected thermal energy distribution in
foxholes for any atomic weapon yield, height of burst, distance from
ground zero, and reflectance of the foxhole walls, If the reflectance
is one third or less, a man will receive léss than 10 per cent of the
direct thermal radiation provided he is in the shadowed portion of the
foxhole at least 1 ft below the limit of the dirsct thermal radiation
on the exposed wall., It is recommended that ths results of this
experiment be considered conclusive unless a requirement is shown for
the thermal energy distribution in an emplacement with a markedly.
different geometry.

The objective of Part IV was to determine t:e angular dependence of
prompt gamma radiation instrumentation in open iwo-man foxholes. The
average difference between the gamma radiation intensity measures with
the vertical and horizontal film packets was 19 p-r cent; and, between
the vertical and 45° f£ilm packets, it was 21 per cent. It is concluded
that the angular orientation of film badges used to measure gamma
radiation in a foxhole is not a critical factor in determination of the
total dose. It is recoumended that the angular orientation of film
badges be considered not to affect the conclusicns of Project 2.6,
BUSTER.
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FOREVWORD

This report is one of the reports presentinz the results of the
78 projects participating in the Military Effects Tests Program of
Operation UPSHOT-KNOTHOLE, which included 11 test detonations, For
readers interested in other pertinent test inforzation, reference is
made to WI-782, Summary Revort of the Technical Tirector, Military
Bffects Program, This summary report includes tre following infor-
mation of possible general interest:

a, An over-all description of each detonation, ineluding yield,
height of burst, ground zero location, time of deionation,-ambient
atmospheric conditions at detonation, etec,, for the 11 shots,

b. Compliation and corrslation of all projzct results on the
basic measurements of blast and shock, thermal radiation, and nuclear
radiation,

e¢. Compilation and correlation of the various project results
on weapons effects,

d. A summary of each project, including objsctives and results,

o, A complete listing of all reports covering the Military
Effects Tests Progranm,
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PART I
. 5
‘ GENERAL EFFECTS ON FIELD FORTIFICATIONS
. :
’ 5 CEAPIER 1
= INTRODICTION
4 =
1
1 1.1 OBJECTIVE
. ‘ E
1 The objective of Part I of Project 3.9 was to supplement previous
tests by obtaining qualitative evidence showing the detailed atemic :
_ offects on field fortifications with overhead cover and revetment,
1.2  BACKGROUND
1,2,1 General _ -
1 There were several atomic effectstests on field fortifications

and related structures conducted prior to UPSHOT-KNOTAOLE, These tests
foll into three general categoriea: gross effects on standard (F!! 5-15)
field fortifications, physiological effects within foxholes, and effects
on civilian type shelters.

Iarge nunbers of standard field fortifications were exposed to
atomic explosions as a part of the various DESERT ROCK exercises, How-
ever, the recording of the atomic effects on these fortifications was
a mission secondary to troop indoctrination and orientation; and the
reports on the exsrcises include only a minisum of detailed inforration,
Other large-scale tests on field fortifications were limited to those
directed toward recording physiological effects within foxholes, 4l-
though much conclusive information was gained and recorded on nuclear ;
radiation, these tests were not entirely successful in gaining conclu-
sive information on other effects. Finally, tests on civilian shelters
conparable to field emplacerents furnished the large part of the de-
tailed inforzmation on the reaction of overhead cover and revetment to

\ atoaic explosions,

In ordor to provide an overall picture, as well as an easy ref-
erence to thoso past observations consolidated with the observations
mde in this test, the past test reports are summarized, The sunrary
1s extended in Appendix G, where the consolidated DESERT ROCK data is
presented in the form of damage criteria curves,
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1.2.2 BExercise DESERT ROCK I(1)

This exercise was conducted at the Nevada Proving Grounds in
the fall of 1951 1n conjunction with BUSTER-JANGLE, The objective of
this exercise was "to test current doctrines to the extent afforded, to
determine the effect of an atczic weapon on .equipuent and materiel, to
indoctrinate personnel, test their psychological reaction during the
tactical employment of the wearon, and to the dogree possible to deter-
mine what physical protective =easures can be taken against the weapon,”

As & part of that exercise, all normal types of tactical field
fortifications were constructed and sxposed at ranges from 1C00 to 5000
yd from ground zero, Film badzes and JS-1 thermal indicators were in-
stalled in emplacements to rouzhly indicate the amount of muclear and
thermal radiation received, Animals were placed at ground level, below
ground level, and in shelters, From the test, an evaluation of damage
to emplacements was made. Through the use of test animals and indi-
cators, an estimate of the protable effects on personnel under varying
Vonditions of shlelding was wace, The test conditions were estimated

as 21,5 KT at a height of burst of 1417 £t giving 6 psi, 40 cal/em<,
and 700 r incident at 1020 yd {rom ground zero,

It was concluded that: MAn atomic weapon of the yield employed
in Exercise DESERT ROCK and dstonated at similar height will cause very
few, if any, casualties beyond 1000 yd from ground zero, when personnel
and equipment are well dug in on the battlefield and alerted to a pos-
sible attack. Physical protective measures currently employed by our
forces are adequate to include normal field fortifications, revetrents
of all types, and present types of military equipment,®

1.2,3 Exercises DESERT ROCK II and III(2)

These exerclses were conducted at the Nevada Proving Grounds
during the fall of 1951 in conjunction with BUSTER-JANGLE to supplement
Exercise DESERT ROCK I, They were to obtain information relative to
the effects of surface and underground nuclear explosions on typical
aruy f£iold emplacements, equir=ent and materiel, and to determine (in-
sofar as possidble) the probable effects on personnel,

As a part of these exercises, a few spescial and a multitude of
standard arny field eaplacements were positioned from 100 to 1000 yd
from ground sero and instrumented with film badges, These included
revetted and unrevetted emplacenents, both with and without overhead
cover, From the tests, evaluations of the gross damsge tc the emplace-
- monts were made and the results of the gamra radiation measurezents
presented,

Bxsroise DESERT ROCK II, conducted with an estimated 1.1 KT sur-
face burst, included the following genersl results: "The most distant
revetted emplacement which collapsed to an aprreciable degree wes fox-
hole No. 3 at 280 yd. The most distant unrevetted foxhole which suffered
serious damge was foxhole No. 9 at 515 yd. The aversge emplacement
reduced the (garma) dosage to 10 per ocent of the dosage in the open at
the same distance; indications were that overhead cover increased the
protection from gauma radiation to a small degree."
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Exercise DESERT ROCK III, conducted with an estimated 1,1 KT
burst at 17 £t below ground surface, included the following general
results: "In this test, the most distant rsvetted emplacement which
collapsed to an appreciable degree was the two-man foxhole with over-

- head cover at 412 yd. The most distant unrevetted emplacement which
guffered severe damage was the two-man foxhole without overhead cover
at 566 yd, A substantial amount of the initial radiation following the
underground shot cams from the low radicactive cloud which covered the

. test positions, ...Along the NE line of positions, the average foxhole

» gave roughly 75 per cent protection from the radiation, Along the S
line of positicns, the average emplacement gave roughly 85 per cent pro-
tection, The per cent protection apparently depends upon how close the
center of the cloud comes to a particular foxhole or emplacement,"

General conclusions from the two tests are: "It is felt that
the results of DESERT ROCK Exsrcises 1, 1I, and III provide adequate
information as to the protection afforded by normal field emplacements
in this type of terrain and soil. Normal field emplacements provide

! about 80 per cent protection against the nuclear radiation effects of

surface and underground bursts. Specially designed fleld emplacements

for atomic warfare are not justified,”

1.2., Exsrcise DESERT ROCK IV(3)

3 Exercise DESERT ROCK IV, the U, S, Army designation for its

h participation in TUMBLER-SNAPFER, was held at the Nevada Proving Grounds
during the months of April, lMay, and June of 1952, In general, the
mission of Exercise DESERT ROCK IV was a continuation of the missions
of the previous three Exercises DESERT ROCK., While the principal mis-

» sion of the exsrcise was the indoctrimation of troops and observers,
attention was also given to blast and thermal effects on troop equip-
ment, pateriel, emplacerents, and live animals, ;

The exercise included fortification display areas at ground
renges between 200. and 3500 yd for Shots 3, 4, 6, and 8, The fortifi-
cations were of the normal tactical type, Animals, film badges, and
equipnent and materiel were placed both inside and outside of the i
emplacements, |

Damage effects were presentsd in the form of tables and photo- '
graphs in the report, with emphasis placed on the damage to equipment »
and msteriel, l

There was little discussion of the damage to fortifications, ‘
Applicable results and conclusions were: "Lethal effects of gamma radia-
tion on sheep in foxholes up to 550 yd from ground zero, and lethal }
offects of gamm radiation on sheep above ground surface up to 900 yd
from ground zaro, Severe blast damage on surface of ground up to 1700
yd from ground serc (for Shota 3, €, and 8). Troops in average hasty

N entrenchuents at a range of 1700 yd from ground zero are belisved safe
from all effects of tte sise burst used in this exsrcise, provided they
;: 'd‘;vm' at the time of burst." (Refers to Shot 4, 22 KT, 1050 air

st.

L}
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1.2,5 Exercise DESERT ROCK V(4)

A3ithongh Exercise DESFRT ROCK V was conducted at the Nevada
Provinz Grounds concurrently with Project 3.9, UPSHOT-KNOTHOLE, and
therefore does not actuzlly fall into the category of background, their
final report has been published and is summarized here for purposes of
continuity of the overall DESERT RCK work, The following quotations
should explain the scope of the fortification study made in this exer-
cise: "In general, the mission of Exercise DESERT ROCK V was a continu-
ation of the four previous Exercises DESERT ROCK, The principal mission
of the exercise was the orientation and indoctrination of troop observers
and troop participants,”

Two special features of this exercise were groups of volunteer
officers who occupled trenches at the closest range any known personnel
have been exposed in a training situation, and the preparation of target
damage estimates by instructors of the Special Weapons Course, C&GSC,
for comparison with the actual dammgze evaluations.

The fortification layocuts were extensive, ground ranges vary-
ing from 100 to 3500 yd for Shots 1, 2, 5, 7, 8, 9, and 10, Other than
norml type trenches and weapon emplacements, the layouts included sev-
eral types of heavily constructed bunkera, Fortifications were instru-
mented with film badges in NBS holders and, to a lesser degree, with
passive type thermal indicators. There was extensive exposure of ani-
mals (sheap), both inside and ovtside of the fertifications, Prom the
teats, the groass effects on equipcent, materiel, fortifications, and
enimls along with the predicted effects on these items were presented
in tabular form, The results of gazma and thermal radiation measure-
ments were also preseanted,

The applicable general conclusions of the exercise are illus-
trated in the following paragraphs:

Selected officer volunteers, capable of calculating effects of
atomic weapons, were positioned in trenches at 2000 yd for Shots § and
7, end at 2500 yd for Shot 2, The location of the trench in each case
was based upon the detarmination of a safe distance by the voluntsers
using data from TM 23-200, dated 1 October 1952, The voluntesr officers
concluded that a trench 6 ft deep and unreveltod gave adsquate nrotsc-
tion under the given conditions, that there was no discomfort from blast
or therml effects, and that ground shock, at this distance, was not of
sufticient magnitude to be of any concera.

On all shots, a disgram of the equipment display area was for-
warded %0 the Command and General Staff School, Ft, Leavermorth, Kansas,
in order that instructors of the Spacial Meapons Courss could predict
damage based on the layout of the display area, the axpected XT yleld
and the predicted weather, From coaparing these estimtes with actvni
damage and fronm the rasults of the officer volunteer progras, it was con-
cluded that "etomic weapons effects data found in TH 23-200, dated
1 Octecber 1952, ocan be used by qualified officers to deternmine safe
troop positions and to predict dazage to squipment, eaplacements, and
personnel as the result of an atomic weapon detonmation,"®
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1.2.6 Report of the Protection Afforded by Field Fortifications

Against Gamma Radiation from an Airburst Atomic Bomb, RANGER

‘This test is reported in WT-201, along with other studies made
at RANGER, Because this test was essentially duplicated by a later test
at BUSTER, which is summarized in Section 1.2.8 below, further discussion
i.ere 18 considered unneceassary. . -

1.2,7 Piast Injuries in Foxholes, GREENHOUSZ(5)

This experiment was conducted as part of the atomic weapons
tests at Eniwetok in 1951, The following paragraphs are totally or in
part extra.ied from the report and should adequately describe the
experiment: :

Sixteen dogs protected in foxholes were exposed in pairs to the
Item Shot in GREFNHOUSE. The.foxholes were of a uniform size, plywood
lined, and fitted with instrumsnts to measure blast, temperature, and
ionizing radiations. They ware dug 4 £t deep in coral at ranges of 400,
600, 800, 1000, 1250, and 1500 yd from zero point,

Post shot inspection showed that the two foxholes at 400 yd were

~ about one-third filled with coral rubble, In one of these, the wall

towmard ground zero was pushed in about 20 degrees from the vertical,
scorched on both sides at one-third the distance to the floor, and had
three holes burned completely through., The foxholes at 600 yd held
lesser amounts of coral stones and rubble, The plywood reinforcing walls
held satisfactorily at these and all othsr more distant stations. Peak
ground level overpressures were estimated to be atout 100 psil and 30 psi,
at 400 yd and 600 yd, respectively,

The blast gages used within the foxholes failed to yield useful

data,

The clock mechanism in the (temperature) recorders failed in all
but the two most distant stations, A definite increase in temperature
(within the foxholes) was evident at 1250 and 1500 yd., Since the re-
corders were shielded from direct thermal radiation, it may be assumed
that this represents a rise in temperature of the amblent air. Tempera-
ture increase was greater in the center of the holes than on the proxi-
mal wall, The teamperature rise at 1250 yd was greater than at 1500 yd.
Inasgmuch as the greatest temperature rise was approximately 1C degrees
(Pahrenheit), this phenomenon would have mo bislogical significance to
men or animals located near the bottom of the hole,

It was concluded that: "Under the conditions of this experiment
and with the exception of the 400 yd station, the foxholes provided
offective shelter against thermal and secondary blast injuries.

"With the observed brain dazmage not classified as a true primary
blast injury, it appears that all the foxholes excapt the 400 yd station
were protected against critical primary blast injury,

"At and bey~nd 1250 yd, the total gamra rey and neutron exposure
in the bottoam half of the foxholes was bslow latiial limits for the dog.
Throughout the range of distance involved in these studies, the total
gemma-ray and neutron dosages at the surface were in the supposedly
lethal or seriously incapacitating range for dogs and man,"
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It was recommended that: "A thorough program with a high prior-
ity should be planned and carried out to determine the optimum designs
for emsrgency field shelters, Animl exposures should be part of this
program,”

1.2,8 The Protective Effects of Field FPortifications Againsgt Neutron
and Gemma Ray Flux, BUSTER(6)

"This experiment was designed by the Corps of Engineers to
evaluate the protection afforded by field fortifications against the
nuclear radiations from atomic weapons."” The experiment was conducted
‘38 %; Nevada Proving Grounds in the fall of 1951 as Project 2.6 of
B .

The experimental procedure was as follows: Standard two-man
foxholes were constructed in Area 7 of the Nevada Proving Grounds at
300 yd intervals from 100 to 2200 yd from the expected ground zero of
the Baker, Charlie, and Dog detonations, Each foxhole was instrumented
in 10 different positions with gamma filxm detectors, Slow neutron de-
tectors were placed along the center vertical axis in these foxholes
which were located within 1300 yd of ground zero and fast neutron de-
tectors in the same positions in those foxholes closer than 1000 yd.
In addition, there were two-man foxholes with concrete covers and open
one-man foxholes constructed adjacent to those located at distances of
400, 1000, and 1600 yd from ground zero., #1730, at these specific dis-
tances, a soil pipe 48 in. long ard 6 in, i. diaweter was sunk flush
with and perpendicular to the surface of the .arth, The concrete-
covared foxholes were instrumented in tte same manner as the open two-
man foxholes, but the one-zan foxhole and the soil pipe were instru-
mented only along tha central vertical axis at depths of 16, 32, and 48
in, with gamma detectors. No neutron d2tectors were employed in the
one-man foxholes,

Some of the more important results and conclusions of the test
are presented in the following paragravhs,

"On the average, the dossges at ‘he bottom of the fortifications
were approximately 12 per cent of those at the surface, It is inter-
esting to note that the percentage decrease at the various depths was
essentially constant, deapite the wariation in the size of the detoma-
tions, Therefore, if the surface dosage at a point or the approximate
size of the weavon were known, it is possible from this information to
predict accurately exposures to personr ' in open fortifications,

"Comparicon of the exposures in the two-man and the one-men for-
tifications indicates that the exposures at different depths were di-
rectly proportional to the solid angle formed at the point of measure-
ment by the opsning of the fortifications, for distances greater than
approximately 1500 £t from ground zero,

"Comparison of the exposures recorded in the concrote-covered
fortification with those in the uncovered showed that the 15 in, con-
orete slab decreased measured dosages by a factor of about 16, This
factor was calculatad by considering the results in the two-man forti-
fications located at slant ranges of approximately 1800 and 3350 ft,

*The gamma rediation emitted during a deltonation should be con-
sidered the primary nuclear hazard to psrsonnel exposed to the burst of
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this weapon, The range of the neutrons is such that they do not con-
tribute greatly to the dosage except at those distances from a burst

" where the gamma radistion is already extremely dangerous,

"Analysis of the data obtained from the slow neutron detectors
indicated that the neutron flux at different depths in open fortifica-
tions was essentially the same as that on the surface," (There was a
marked decrease in slow neutron flux in the fortification with the 15
in. concrete cover,)

"The flux of fast neutrons, those whose energies were greater
than 3 Mev, decreased with the depth of the fortification, Again, the
marked decreage in the flux benseath the concrete slab was found in all
cases,"

1.2.9 F,C, D, A, Family Shelter Evaluation, BUSTER(7) .

The Federa! Civil Defense Administration family shelter evalu-
ation under Project 9.1a, BUSTER, was designed to develop information
on the degree of protection from atomic explosions afforded by simple
structures which could be built by the average householder with avail-
able materials,

A total of 29 simple structures spaced 25 ft apart were built
along an arc 1200 ft from the target point, Eighteen of the structures
were the covered-trench type; five, metal-arch; four, wood-areh; and
two, the basemsnt lean-to tyve. Structural strength, materials, amount
of earth cover, elevation, and orientation were varied for test purposes,
The shelters were instrumented with gamma film badges, improvised de-
flection devices, and peak pressure recording land mine fuses,

The shelter structures were subjected to Shots Baker, Charlie,
and Dog. From the tests, peak overpressures, thermal radiation, and

‘gamme radiation readings were recorded. The effects of the explosions

on the shelters were listed separately to assist in evalvating their
reaction to each shct, Recorded data and structural darmages were sume
marized in tabular form,

Some of the more important results and conclusions of the test
are presented in the following paragrarhs,

"large quantities of earth cover were removed by each exvlosion,
Amounts of cover blown off by Shot Baker varied from 30 to 60 per cent
of the total cover, These quantities varied with elevation of struc-
tures with respect to natural grade, Partly above-grade shelters were
affected to a greater extent, This undesirable reaction was serious,
for it not only affected protection against radiation but also resis-
tance of the structures to blast,

"Additional test data are needed on the reaction of earth cover,
The test results do not show the effect of earth-arch action or whether
the resistance of the mass of the earth cover contributed to the ability
of structires to withstand blast, However, results did show that damage
to atructures was less severe wher protected by even a small amount of
cover., This was particularly evident where entrance structures were
poorly protected but survived when covered, It apneared that if earth
cover were below natural grade it would not be greatly affected by
blast, Thus, lowering grade level of shelters would sdd consic -ably

to their safety.
29
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"The reaction of the earth cover affected not only the struec-
tural resistance of the shelters, but also their ability to protect
against radiation, Reduced cover on the second and third explosions
greatly increased radiation dosages within the shelters, Test struc-
tures were located sufficlently cloge to the three explosions to
receive the shock an appreciable interval before all gamma radiation

.was absorbed. }/}-

"The entrances of all structures wers considerably weaker than
the shelters proper.,,oractically all abovs-grade entrance construction
was demolished and blown away. Debris thrown into the shelters was ./
trapped in entrances and would not hays injured occupants, It did
block access to many of the shelters, and escape would have been hazard-
ous. Some of the damage to the entrances was superficlal and did not
affect the protactive valus of the shelters, but all should be re-
desizned to provide resistance comparable with the eapabilities of the
rest of the structurss, :

"Scorching of parts of the entrance penels not directly exposed
to the blast indicated the possibility of heat reflection of some magni-
tude, However, even in the shelter where the entrance side faced the
blast, there was no evidence of heat entering the shelter proper,

- "™ood shelters offered good resistance to blast provided they
were properly protected by earth cover. They did not burn, and their
resiliency permitted thenm to absorb shock without failing completely,

"The results obtained from the substitution of materials were
satisfactory. Chlcken wire and tarpaper sheathing for the sides of
shelters were adequate where the spacing of supoorting members was not
too greato"

1.2,10 AEC Commnal Shelter Evaluation, BUSTER(8)

This test was conducted at the Nevada Proving Grounds in the
fall of 1951 as Prolact 9,1b of BUSTER. The objectives of this test
were to assess the effects of atomie bombs of various ylelds detonated
in air at varying distances on a conmunal shelter of the design de-
scribed herein, and to recommend to the Commission on the baals of the
observed results a communal shelter design, deezed adequate within the
1imits of certain .ssumed risks, for construction as required at AEC
facilities,

Since the test structure was a cylindrical, combination con-
erete end stesl-pipe shelter of large dizensions, most of the results
of the test are not applicabls to field fertifications within the scope
of this report, Those results that are applicable (such as the removal
of earth cover affecting gamma radiation dosages within the shelter)
do not materially differ from those presented in the preceding section
of this report--1,2,8, Por these reasons, as well as for purposes of

N brevity, further discussion of this test 1s not deemed necessary,

1";:._11 Basty Type Air Raid Shelters, TUYBLER(9)

. This experizent was conducted at the Nevada Proving Grounds in
the spring of 1952 as & part of TUUBLFR, The scope of the test is
11lustrated in the following quotations: "The necessity of providing
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for the protection of personnel in the event of an enemy air attack
against Sandia Base presents the problem of constructing adequate shel-
ters in a short time with the facilities available to the Base Engineer,
The degree of protection afforded against an atomic exvlésion by a
» trench shelter capable of being put in rapidly with powered ditchers
gave rigse to the desire of testing such a shelter under actual condi-
tions.” A test was set up with a primary objective: ",,.to determire
the relative protection afforded personnel by an uncoversd 'Z! shaped A
trench shelter versus that afforded by a covered 'Z' shaped trench i ,

shelter,"

Two trench shelters, both unrevetted, one covered and one un-
covered, were constructed at each of four positions located such that
the actual ranges resulted as 625 ft, 1550 ft, 2725 f£t, and 4925 ft
from ground zero for Shot 4. "The main or middle portion of the trench
shelter was dug approxirately 25 to 30 £t long and 24 to 26 in, wide in
both the covered and uncovered shelters, The arms/forming the entrances H
varied from 8 ft to 11 ft in length, and were dug /to a depth of 2 £t at i
their outer edge and sloped to the level of the floor of the main trench,
One series of trenches was dug to a depth of 5 £t, and another series
to a depth of 6 ft, The cover was constructed gf 2 in, wood olanking
overlapping the sides of the main trench by at least 2 £t and overlaiad
with the spoil taken from the trench. The shelters were instrumented j
by the use of clothed dummies and film badgzes to observe the effects of
blast and thermal radiation and to measure tke value of nuclear radia-

| tion, From the test, the incident effects at the ranges listed above 5
were tabulated as: 68 psi, 350 cal/cn2, 77,000 r; 18.% psi, 145 cal/co®,
18,000 r; 8.8 psi, 60 cal/em®, 3030 r; and 3.9 psi, 20 cal/cm*, 183 r,
respectively. |
4 : Some of the more important conclusions of the test are vresented ‘

in the following parsgraphs, ’
: "The covered trench shelter affords greater protection against ;
atonic effects, particularly gamra radiation, than does the uncovered t
trench shelter, i
"In the region of 8 psi overpressure (Position 3), both shelters
afford protection against blast vressure; but the measured nuclear radi-
ation in the uncovered shelter of from €00 r to 800 r would have been
fatal to occupants, The additional shielding afforded by the cover of
spoil reduced this radiation to a range of from 80 r to 175 r, which is
not considered to Le a lethal duse, Protection from gamma avpears to be
the paramount problem in the shelter design; since, in the case of the
shelters tested here, protection against blast and therral effects ap-
parently was greater than the orotection against promnt gamms radiation,
"Soil structure is a zajor factor determining how well the shel.
ter malls will withstand the effects of a blast, At Position 2, where
the s0il structure was fairly good, the shelter held at 18,5 nei over-
N pressure; whereas, at Fosition 4, where the soil structure was poor,
the sides of the shelter gave way at only 3.9 psi overrressure,
"The shaps of the eartd mound forzirg the cover should be broad
and flat, The peaked mound of the covered shelter at Position 2 was
\ greatly lowered; while the flat, low mound formed from the spoil of the
uncovered shalter at that position was only slightly altered by the
blast,
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PTotal thermal radiation estimated from observations of clothed
dummies and charred wood is highly inadequate and not reliable,"

It was recommended that: "If more detailed information on ther-
mal radiation and blast effects on shelters of this type 1s desired, a
more extensive program of instrumentation should be used in conjunction
with a future test,"
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CHAPIER 2

EXPERIMENT DESIGN

2,1 TEST STRUCTURFS

2.1,} General Description

Fifty simplified structures were used to represent 12 cozmand
postas, 19 machine gun emplacerents, and 16 two-man foxholes, All of
the structures included revetwent and overhead cover, the structure
frames following timber bridge nomenclature and consisting of posts,
caps, stringers, revetment, and top filler. The structures were varied
in strength and materials for purposes of comperison, Table 2,1 shows
the extent of variation of materlals for each structural ccmponent,
This variation is further 1llustratsd in Tables 3.1 through 3.3, which
show the particular naterials used in each structure, Along with the
variation in strength and materials, two tyres of constructien were
used. These consisted of the contiruous-sirirger tyve and the spaced-
atzinger-with-top-rnler tyre and are illuatrated in Figs, 2,] through
2. L]

TABIE 2,1 - Variation in Materlals

Component Material
Post 8" x 8" timber

4" x 4" timber

2" x 4" timber
Cap 8% x 8" timber

4% x 4" tinber
2" x A" timber
Stringer 4% x 4V tinber
2% x 4" timber
1* x 6" timber
" Revetuent 4% x 4V timber
1" x 6" timber
5/8* plywood

corrugated iron
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TABIE 2,1 = Varistion in Materials (Contirued)

e e e |
Component Material

Revetment(cont'd) chicken wire and burlap
chicken wire and pasteboard
’ ' pasteboard
Top Piller 1" x 6™ timber
5/8" plywood
corrugated iron
chicken wire and burlap
chicken wire and pasteboard
pasteboard

The construction of the comrand posts is shown in Figs, 2,1 and
2,2. The figures show an underground side view, with the near wzll and
.post removed, The command posts were constructed with their stringers
at grade level, The overall inside dimensions were 6 £t x 6 £t x 6 ft,
The overall dimensicns of the cover were 9 £t x 9 £ overlain with about
2 £t of loose earth., The entrance excavation protruded 6 £t frox the
wall of the structure and was 2 £t wide, witk three 2 ft steps cut down
to the ccmmand post proper. The sizes and spans of the timbers and tha
various materials used for ezch component in each command post are ine
cluded in Table 3.1, '

. The construction of the machire gun emplacerments is showr in
Figs, 2.2 and 2,,. The figures show a partially underground rear view,
with a portion of the rear wall and posts cut away, The strirgers were
1% £t above grade level, and the overall dirensions of the cover were

ft x 10 ft overlair with about 1 £t of loose earth and sandbags, The
overall ingide dimensions were 5% ft long x 7 £t wide x 6 ft tall, The
entrance excavation protruded 6 ft from the rear wall and was 2 £t wide
and 2 £t doen, leaving a 2 £t step down to the floor of the emnlacerent,
The sizea and spans of the timbers and the various materials used for
each component in each machine gun emplacement are included in Table

3.2,

The construction of the two-ran foxholes is shown in Figs, 2,5
and 2,6, The figures show an underground corner view, with portions of
the walls cut away, The overall inside dinenaions of the foxholes were
2 £t long x 6 £t wide x 5% £t tall, The stringers were 1 ft above grade
level, and the cover had overall dimensicns of 5 ft x 9 ft overlain with
about ¥ £t of loose esrth and sandbags, On some of the foxholes, not
ghown, the cover had no overhang reducing the dimsnsions to 2 ft x 6 tt.
The timber slzes and spans and the materials used in each foxhole are

included in Table 3.3.

2,1.2 Instrunentation

Peak pressure measurements were made both cutside and inside one

coamand post, one machine gun emplacement, and one two-man foxhole with
{ndenter peak pressure gages furnished by the Navul Ordnance laboratory
(NOL), This instrumentation was actuully a part of the overpressure
multiplication study, and the details are presented in Part 11,
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2,2 TEST PROCEDURE

2,2,1 Site layout

The test structures were constructed by personnel from the
412th Engineer Construction Battalion, Fifty structures were divided
between three areas--Avea 3,9-i at 500 f£t, Area 3,9-3 at 1500 ft, and
Area 3,9-C at 4000 £t from target ground zero, The exact location of
the areas is shown in Appendix A, and the detalled distribution of the
structures in each area is shown in Appendix B,

2,2,2 Shot Participation

- It was anticipated that all areas would be exposed to Shot 9
and Shot 10, The plan was to rehabilitate the structures after Shot 9,

2,2,3 Recording the Bffects on Structures

. The effects on the test structures were recorded by preshot and
postshot photograrhy supplemunted with postshot inspection notes. The
photograrhy was furnished by Program 9, AFSVP,

loose earth and sandbags {
' ,/‘ ==\ stringers

Cwe g 4 j : i "
gap d v ,/’ : ] ':..-- -/
\ — A A
T - 111 o8t
— )/2___
revetment I = -
T !
" Z
ul % :
I
Iu Y

L

Fig. 2.5 Two-man Foxhole with Continuous Stringers
»
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i . " CHAPTFR 3

RESULTS
‘ : 3.1 INTRODUCTION / ~
‘ 3.1.1 Shet Participation }

Shot 9, 8 May 1953, was a 26 KT air burst at a height of 2423 ft
with the actual ground zero located $37 £t south 824715 £t west of tar-
get ground zero, Shot 10, 25 lay 1953, was a 1,Y9 KT air burst at a :
height of 524 £t with the actual ground zero located 139 ft south and 86
\ £t west of target ground zsro.

All three areas were exposed to Shot 9, The actual ground zero ;
2or this shot was located between and to one side of Areas 3,9-A and i
3.9-B; and, as a result, the peak overpressures and peak dynamic pres- ’

v sures were changed from those exvected in these areas, Area 2,9-C was
little affected by thic miss of target ground zero.

Since the damage to the structures from Shot 9 was not severe
and the 412th Enginsers had a heavy work load between shots, it wus
decided that only Area 3,91 be restored for Shot 10 and that Areas 2,9-B
and 3,9-C be policed, The work ordesr was interpreted by the construction
personnsl to mean that Areas 3,9-B and 3.9-C be removed. As a result,
only Area 3.9-A was exposed to Shot 10, The miss ir target greund zero
for Shot 10 resulted in Area 3,9-A being about 350 {t rather than the
planned 500 £t from actual ground zero, This substantially increased

the expected pressures.
3.1.2 Tabulation of Effects on Structures

Tables 3.1 through 3.3 break down the effects of Shot 9 into the
offects on each component of each structure, The effects of Shot 10 are
N pot tabulated, since the damage was so complete that they are batter |
deseribed, The tadles are explained as follows: The ranges and approxi- '
mate psak overpressures are actuval valuea, not expected values, The
timber sizes are designatod sizes, the actusl dimonsions being somemhat

svaller sinoe finished timber was used.

PSS
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3.1.3 Photography

Preshot and postshot photographs of all test structures for
both Shot 9 and Shot 10 are presented in Appendix C, The photographs
are considered important because they constitute the only real and im-
partial record of the teat, All of the damaged elements in any emplace-
ment are shown in the photographs.

3.2 EFFECTS ON COMMAND POSTS

3.2,1 Effects of Shot 9

As ghown in Table 3.1, most of the damage was c.nfined to the
failure of the center 4" x 4" caps and stringers at midspan, The evalu-
ation of the damage to top fillers in the table does not take into con-
sideration that small portion covering 4 ft of the entranceway., In
general, the entrances were about half filled with loose earth; and the
top filler immediately over the entrance was crushed inward enough to
make access to the fortification difficult, It appeared that some of
the looss earth mound covering the fortifications was removed by the
blast, In most cases, the volume of the mounds was reduced by about
one-fifth,

3.2,2 Effects of Shot 10

The peak overpressure in Area 3,9-A was approximately 300 psi,
extrapolated value, All of the command posts were severely dazaged,
About one-fourth of the 8" x 8" nosts failed in compression; =ost of tte
posts were displaced, and sozs appeared to have been driven slightly
into the ground. The center 8" x 8" caps were broken and the two end
caps severely shattered, showing 1 in, dsep impressions where tkey had
rested on the posts, About ora-h2lf of the 4" x 4" stringers wers
broken, the recainder suffering no apparent damage other than being re-
moved from position., It appeared that the covers had been partly blown
down into the fortifications and partly scattered about the area, Even
though there were many undamaged timbers, all of the cover ti-lers were
separated, no cover reraining even partly intact, The fortification ex-
cavations were about balf filled with loose earth and rubble, The 4" x
4" timber revetzents were bowed in, but the timbers retained tieir sape
relative positions and were not dazaged, Ons comuand post of relatively
1light construction, 4" x 4" timbers and corrugated iron, was ccmpletely

a.‘“w.
3.3 [EFFICTS ON MACHINE GUN EMPLACEMENTS
30301 Effects of Shot

As shown in Table 3.2, most of the damage to structursl members
was oonfined %n the failure at midspan of the two front 4" x 4" eaps.
The evaluation of the damags to revetzents and top fillers is prodlen-
atic, Lecaugse the damage seszed to be as attributable to poor conatruce
tion as %o lack of strength in the materials, In Area 3,9-A where the
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ek dynamic pressure was about 0,7 psi, most of the loose earth and

st bags covering emplacemsnts remained in place and there was little
rx+ge to revetments and top fillers, which were strongly constructed,
i ‘rea 3,9-B where the peak dynamic pressure was about 0,9 psi, the
revetments and top fillers of emplacements utilizing chicken wire and
burlap were damaged and the looss earth and sandbags covering these em-
placements werehalf removed, In Area 3.9-C where the peak dynamic pres-
sure was about 1,6 psi, the top fillers of emplacements utilizing chic-
ken wire and burlap were damaged and tbe burlap, loose earth, and sand-
bags covering these emplacements were almost totally removed, In one
case in this area, the entire cover, including 4" x 4" stringers and

1% x 6" top filler, was moved intact about 4 ft toward ground zero, <he
entrance excavations in all three areas were about half filled with dis-
placed and ruptured sandbags and loose earth,

3.3.2 Effects of Shot 10

The three emplacements having 4" x 4" timber structural frames
were destroyed beyornd recognition, The four emplacements utilizing
8" x 8" timbers for posts and caps and 4" x 4" timbers for stringers and
revetment were destroyed but still recognizable, Confining the discus-
sion to the latter four emplacements, a few useful observations can be
made, The superstructures were entirely removed, leaving the excawations
almost filled with scrambled timbers, loose esrth, and rubble, A few
of the 8" x 8" posts remained undamaged; and, where the posts had re-
mained, the 4" x 4" timber revetments were relatively undaraged and in
position, The walls of the emplacements were pushed inward, reducing
the dimensions somewhat below the original dimensions, There were a
aultitude of undamaged 4" x 4" timbers strewn in and about the emplace-
ments, some of which must have been stringers and others part of the
revetmenta, It appeared that if the posts had held, the 4" = 4" timber
revetments would have held also, In general, damage to the machine gun
emplacements was more severe than the damage to command posts of the
same timber size construction,

3.4 EFFECTS ON TRO-MAN FOXHOLFS

3.4.1 Effects of Shot 9

As shomn in Table 3,3, there was no appreciable damege to the
individual structural members of the fuxholes, In Areas 3,9-A and 3,9-B,
there was little damage to top fillers and most of the loose earth and
sandbags covering the foxholes remained in place, In these areas, a few
of the 2" x 4" posts were driven farther into the ground, allowing the
covers to slant., In Area 3,9-C, the foxholes having the more substan-
tial revetments and top filler, 1" x 6" lumber, suffered nv damage other
than the removal of looss earth and sandbags, PFoxholes with lighter
pvevetmants and top filler, chicken wire and burlap or pasteboard, suffered
considorable derangement of their supsrstructure, In some cases, the
tiabers forming the cownr were pulled apart at their joints; and, in
other cascs, the whole cover frame was displaced, pulling the posts out
of position, The top filler materials, sandbags, and loose earth were
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removed, In general, the earth walls of the foxholes would have held
even if they had not been revetted.

3.4.2 Effects of Shot 10

The only thing that remained of the foxholes was the 4" x 4" re-
vetment timbers and a few 4" x 4" posts. Most of the foxholes were econe
pletely filled in, but two were still open enough to indicate the pro-
cess of failure, It appeared that the two 6 £t walls had been moved ine
ward unifornly, reducing the original 2 ft dimension of the foxholes to
about 8 in, in these two cases and completely closing the foxholes in
all other cases, Other than this, the revetment timbers of the two per-
tially open foxholes were relatively undamaged and retained thelr same
relative position, .

3.5 GENERAL OBSERVATIONS

3.5.1 (Cross Effect: of Thermal Radiation

The incident thermal energies in the areas varied from 40 to 160
cal/en? for Shot 9, All of the exposed sandbags were burned and had
spilled their contents., In many instances, this loose esarth wae snilled
into the entrances of the test structures, Only a few timbers were burned
severely, and there were no significant fires continuing after the shock
wave had passed. Of soms significance was the heavy scorching of the
underneath side of burlap top filler and ine jnside of chicken wire and
burlap revetted back walls of the rzachine gun emplacexzents in Area 3,9-B.
The foxholes utilizing chicken wire and burlap were similarly damaged,

3.5.2 Joints and Fastenings of Structure Componsnts

Foxholes and machine gun emplacements experienced [lorces from
the high winds which resulted in the removal or dislocation of various
menbers and parts, Individual timbers were not damaged, but only dis-
joined, Becauss of the structure design, the quality of workmanship
going into the joints and fastenings largely detarmined the extent to
which a particular eaplacsment was damaged.
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CBAPTFR 4

DISCUSSION

4.1 OVERHEAD COVER

41,1 Test Results, Shot 9

The structural damage done to command post cover was a result
of the acticn of the blast induced air pressure difference between the
top and bottom sides of the cover, hereafter celled diffraction type
loading for brevity. In seven of the nine comrand pousts having 4" x 4"
caps and stringers, the center cap failed in bending at mldspan, increas-
ing the span for stringers which then failed, Estimating the tire re-
quired for the averagze pressure within the comrmand post to reach iis
effective peak to be in excess of 90 msee(10), and considering that with-
in the cne instrumented comrznd post the raximum peak overpressurs veas-
ured wae 0.7 as great as that measured outside at ground level, it can
be ssen that there wus a significant pressure differential betweenm the
top and underside of the cover, Since there was no serious damage to
the top fillers or 4" x 4" posts, and there was evidence that the string-
ers failed only as a result of cap failure, the center cap rroved to be
the limiting memder in the structure,

Structural damage to machine gun emplacement covers was in part
a result of diffraction-typs lcading, In 6 of 15 enmplacements havire 4"
X 4" caps, the center and front cap failed in bdending at midspan, On a
peroontage basis, only half as rany machine gun emplacements as comrand
posts suffered cap failurs, Coupling this observation with the fact that
the maximum peak overpressure =sasured within the machine gun emplacement
was twice that zeasured within the comrand post, one would suspect that
the machine gun emplacement cover was subjected to a lighter lead btecause
of the relieving pressure reaching a significant value in a shorter time,
However, when all factors are considered, including the short response
tizne of the timbers, the implicaticn 1s not certain when btased on this
test alone, Since there was no other serious damsge to the machire gun
eaplacezent cover resulting fron diffraction-type lcading, the center and
front cap proved to be the limiting wembers in the structurse,

Other than a few instances of posts being driven slightly fartber
into the ground, showing that there was a definite dewnward vush on the
oover, there was 1ittle evidence of diffraction loading on foxhole covers,
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The maximum peak overpressure messured inside the ingtrumented foxhole
wae about the same as that measured outside at ground level,

Although the dypamic pressures (wind pressures) were small, 0,7
to 1,6 psl, their effect on cover was in evidence, For the command
posts, the darage was limited to the remowal of part of the 1lr. '~ earth
cover; whereas, for machine gun emplacements and foxholes, who. - “over
structure was sbove grade level, the effects were multiple, Generally
apeaking, the dyramic pressures were effective in tearing the cover
materials apart froa each other whore they were joined, blowing away the
loose materisls, and moving whole covers or parts thereof out of posi-
tion., The effuects were moat severe on those ezplacements having chicken
wire and burlap top filler,

The gross effect of thormal radiation on the cover structure of
the fortifications was not severe., An examination of the test struc-
tures showed that there was no ssrious fire bharard and that the few fires
that had been started were either blown out or left in a smouldering
state by the blast, All of the exposed sandbags were severely bturrzed
and ruptured, and were of little value for holding loose earth in place,
The sandbegs having a srall amount of earth covering thex were rnot
damaged, Exanination of tbe covers to machine grn emplacecents ard fox-
holes showed that therral radiation had reflected from the ground and
scorchad the underzeath side of the burlap used in chicken wire azd bure
lap top filler, This was particularly noticeable because of the design
left on the burlap by th~ shielding effect of the chicken wire, No
threshold taluss for the:r:l radiation effects on the materials are avail-
abdle fiuc this test,

4.1.2 Test Regults, Shot 10

Of all parts of the fortifications that had origically been above
patural grade level, little or nothing rezained in place, The covers
to machine gun exmplacezments and foxhioles could not be idertified after
the shot, 4lthough the covers to cozxard posts stood up better than the
others, nons remained intact; and the ranner of fallure was at best a
mtter of conjecture, It appeared that the 8" x 8" center caps had
falled first in horizontal shear then in bending at midspan, and that
the ond capc had failed in horiszontal shear only ith a beginning faile
we in either bending or vertical shear, About one-fourth of the 8" x
8" timber posts failed in cozpression, a few were driven slightly far-
ther inte the ground, and most were left leaning imrard to sone degree,
The large zunmber of scattered and undacaged 4" x 4" tiabers showed the
inadequacy of designing for conventional forces.

The following generslisations applicable to overhead cover can
be mde frow the results and conclusions of past tests:

Damage to structures is less severe when they are covered by
oven & sxtll amount of sarth. Wood shelters offer good resistance to
blast provided they ave properly protected with earth cover. They do
not burn, and their resiliency peruits them to absorb considerable shock
without failing completely, As the elevation of a shelter is incressed
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with respect to natural grade lewsl, larger amounts of earth cover are
subject to removal; and thers is a reduction in the shelter's resiatunce
to blast, as well as increase in the measured gamma radiation doses,

The covered shelter affords greater protection against atomic
eoffects, particularly garum radiation, than does ths uncovered shelter,
Por alr bursts, overhead cover grsatly reduces the gamma radiation doses
within fortifications; whereas, for surface bursts, the reduction di-
rectly attributable to overhead cover is less. The first limit in the
protection afforded by covered shelters has been gamma radistion,

Although the gold neutron flux does not decrease apureciably
with depth in an open fortification, thers is a marked decrease in for-
tifications having 2 conorete cover, Suiphur neutron flux does decrease
with depth in open fortifications and is further raduced in fortifica-
tions having a concrete cower, '

4els4 Generalization of the Pressnt Results

The following generalizations can be made from the odssrvation
of the effects on owverhead cover in this test:

Portification covers located flush with grade level are primar-
ily damged by diffraction-type loading, When located above grade level,
ecover componsnts may be seriously disarranged by the dymamic pressure;
however, the physical breaking of timbers and materials themselves is
still a result of diffraction loading on the cover, Disarrangement be-
gins to appear at dymamie pressures as low as 0,7 to 1,6 psi, and is
dependent upon the design and the quality of workmanship golng into the
Joints and fastenings.

Por both above and below grade covered fortifications, the longer
spanned, horisontal supporting members limit the strength of the cover's
resistance to diffraction lcads, Ths posts supporting these caps are
relatively iavulnerable to darage fron loads on the covar; &nd, if the
soll is at all stable, they are better sunk into tho soll than set on
timber footings or spreaders, Light top filler saterials, such as chicken
wire and burlap or pasteboard, corrugated iron, 5/8" plywood, and 1" x 6"
lunber, when supported at about 24 £t intervals and covered with loose
earth, are not seriously dazaged by the diffraction lcad on the cover
at a peak overpressure of 25 pei,

There is no serious fire hazard created by using timbers and
other lighter mterials in fortifications, The prizary damage froa ther-
mal rediation is the burning of directly exposed sandbags. oge sand-
bags covered with small smounts of loocse earth are not damaged,

4.2 REVETIENT
4.2,1 Tes% Results, Shot 9

The vevetments were constructed with a few inches of wvery looss,
fine earth beokfill betweed them and the solid earth walls, Although
this loose material my have acted as a bduffer, the effect was not

[} ent,
PP Generally speaking, all kinds of revetsents beld up well, there
being no failure directly attributable to a lack of strength in the
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materials themselves. The chicken wire and burlap, chicken wire snd
pastaboard, and corrugated iron revetments showed a tendency to dulge

inn._ ., but not rupture, There were several instances in which these
t7ie of revetments pulled loose from their supporting timbers; howsver,
in :=ch instance, examination showed that they had not been well attached,
The plywood revetments did net bulge inward as much as the others and
were affected less by the quality of workmwanship, The 1"x6" and 4"x,"
timber revetments were not damaged at all by ths blast, Considerirng
genersl strength, simplicity of quality construction, and dependability,
the 1"x6" and 4"x4" timber revetments proved to be superior to other

types.

While .18 lighter materials were successfully used for the revet-
m-::% of the main walls of the fortifications, they proved to be unsa.is-
factory, and in soms cases bazardous, when used as revetment for tks gun
mount platforms in the machine gun emplacements, Only the 1"x6" ard 4"x
4" timber revetments held these earth platforms in place satisfactorily.,

4:2.2 Test Results, Shot 10

All revetmsnts except those constructed from 4"xi® timbers failed
conpletely, The 4"x4" timber revetments wers supported by posts at about
3 £t intervals which ylelded to varying dezrees to the lateral earth
forces, Although the 4"x4® revetment timbers bowed in zccordingly, they
did not break; and each wall remaired intact, It appeared that had the
posts remained rigid and unmoved, the 4"x4" timber revetments would have
held satisfactorily.

4.,2.3 Goneralization of Past Results

There is little inforzation svailable from past tests on the
reaction of various types of revetmsnt to an atonls explosion, It kas
been gensrally concluded that all norzal types of revetment are adequate
for military use, that revetments permit fortifications to hold up at
such closer distances to ground sero than do the nnrevettsd fortifica.
tions, and that soll structurs is a major factor deternining how well
unrevetted walls will withstand a blast, One-inch lumdber and chicken
wire and tarpaper revetments have besn used successfully at ranges w:ere
the peak air overpressure was about 15 pal.

4.2,4 Goperslisation of the Present Results

Diaphragn type rewetments such as those constructed from chicken
wire and burlap, chicken wire and pasteboard, corrugated iron, and ply-
wood my be successfully used at ranges from air bursts where the pesk
air overpressures are about 25 psi provided that care is taken to attach
them well to supports spaced about 2% £t apart and provided that they
are not depended upon to add strength or stability to the oversll tasie
struoture,

Considering general strength, simplicity of quality construction,
and dependadility, the 1"x6" and 4"xz4" tizber revetmsnts are superior to
the others, Rigidly supported at about 3 £t intervals, & 4"xi" tiaber

revetaent appears 0 bave sufficlent strength to stand up at a renge from
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aniair burst where the peak air overpressurs is of the order of 300
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4.3 ENTRANCES AND APERTURES

40301 _R_.:m__]_._t_g

The entrances to the machire gun emplacements and command posts
used in this test were purposely kept simple and direct, More slaborate
entrance construction would not have added much to the value of the over-
all test; because, structurally, entrances fall within the revetment and
overhead cover study and otherwise are tied in with protection from
physiological effects, Although simple and unrevetted, the entrances
used in this test did lend weight to various observations made in the
tests sumrmarized in Chapter 1, To save repetition, generalizations of
the effects on entrances are not presented here but are incorporated
into the discussion in the following section in that they substantiate
toe emphasis placed on some of tha past observations,

The machine gun emplacements were constructed such that there
was no chance of direct therwal radiation entering the firing aperture
in Area 3,9-B, However, the thermal radiation entering this aperture
after reflecting from the ground in front of the emplacements was of
- gufficient intensity to burn burlap on the back walls ingide the forti-
fications,

4e3.2 Germaralization of Past Results

The entrance construction of most structures has dbsen consider-
ably weaksr then the structure proper and has been almoat invariably
the limiting factor in blast resistance,

Scarching of parts of e-trances not directly exposed to therml
rediation has irndicated reflection of soze magnitude; however, those
eutrances requiring reflections of thermal radiation to enter the struc-
ture proper have successfully shielded the interior from high valuss of
thermal radiation,

Direstly exposed sandbags burn and rupture, spilling their con-
tents, The use of such sandbags adjacent to entrances has inwvariably
resulted in the partial filling of the entrances with loose earth and
damaged saadbegzs,

Cutting an entrance into a covered fortification ecan remove a
great dsal of the earth shielding against gazma radiation and can
greatly reduce the nuclear radiation protection otherwiss offered by the
addition of overhsad cover, '

4e4 GENERAL OBSERVATIONS

The importance of proper design snd high quality construction is
highly magnified by the mature of the forces resulting from an atonle
explosion; and, if the construction plans for a structure do not ade-
quately present all detail, improvisations on the part of the construc-
tors are not likely to be in favor of the struoture's resistance to

atonic effects.
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CHAPTER 5

CONCLUSIONS AND RECOMLENDATIONS

5.1 CONCLUSIONS

The following conclusions represent a ccnsolidation of the more
certain observations made in past reports with those masde in this test,
Conclusions concerning damage probability are presented in Appendix G.

5.1.1 Overhead Cover

The covered shelter affords greater protection against atomic
effects, particularly nuclear radiation, than does the uncovered shel-
ter. For air bursts, overhead cover greatly reduces gamma radiation
doses within fortifications; whereas, for surface and subsurface bursts,
the reduction directly attributabl: to overhead covar is less, In zen-
eral, the lethal radius of nuclear radiation has been greater than <-e.
lethal radius of other effects in both open foxholes and covered shel-
ters,

As tie slevation of the cover is incr2ased with respect to the
natural grade level, large and increasing amounts of loose earth are
subject to removal; and there may result an azpreciable increase in the
measured gamma doses within the structure, since in many situations the
blast wave passes vefore all of the nuclear radiation is absorbed.

The effect of blast on overhead cover construction depends unon,
among other things, the structure's elevation with respect to natural
grade level. PFortifications that have their total profile flush with
grade level are subject to loads which tend to rupture the longer szans
of the horizontal supporting membars by vushing downward on the covar;
whereas, those fortiflcations having their cover structure above grade
level are not only subject to this diffraction load but are also subject
to drag typs loads which tend to disarrange and remove entire cover
structures or parts thereof.

Light top filler materials such as chicken wire and burlap or
pasteboard, corrugated iron, plywood, and 1 in, lumber, when supported
8t about 2% ft centers and covered vith loose earth, are sufficiently
strong to withstand diffraction loads on the cover to fortificatisns at
a peak overpressure of 25 psi. However, as poinited out above, the zen-
bers acting as supports for these materials are subject to failure,
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Posts used to support the cover are relatively invulnerable to damage
and, if the soil is at all stable, are better sunk into the soil than
set on footings or spreaders.

Overhead cover structure suffers less damage from diffraction
loads when covered with earth., Although the exact physical nature of
the rhenomenon has yet to be resolved, it can be stated generally that
earth effectively adds mass to supporting members, increasing the time
of response to impect loads; and, if of substantial thickness, it effec-
tively absorbs some of the energy of the blast wave, The results of a

fecent study of earth cover should be consulted when they become avail-
able (11).

5 01 02 Revetment

Because of the unknown nature of the transmission of a shock
wave through esrth and of the loading of structures by such a wave,
-required revetrent strength is based more on experience than theoreti-
cal calgulation, Soil structure has been a major factor determining
how well unrevetted walls withstand a blast; however, it has not yet
been shown to affect success of revetted walls, In gené{al, the forces
applied to revetments have been considerably less effective than those
applied to cover structure by a blast, and relatively li;ht revetment
construction has been successful,

Light filler materials, such as chicken wire and
board, corrugated iron, and plywood, when supported at about ft in-
tervals, are sufficiently strong for revetting purposes at ranges where
the peak air overpressure is 25 psi, However, they cannot be §Jepended
upon to add strength or stability to the overall structure; and\they are
subject to failure resulting from a lack of quality workmanship tn the
ties between tiem and their supporting structure, Considering geperal

strength, simplicity of construction, and dependability, these materials
are inferior to 1"x6" and 4"xi" timber,

5.1.3 BEntrances and Apertures

The protection from nuclear radiation afforded by covered forti-
fications can be reduced by entrances and other apertures, By removing
part of an earth wall, an entrance can remove a great deal of the earth
norpally shielding sgainst nuclear radiation, and thus substaniially
depreciate the additicnal nuclear radiation protsction othervise offered
by the use of overhead cover. The inclusion of firing apertures neces-
sitates that a covered fortification be partially above grade and con-
plicates the problem of obtaining effective earth cover,

Scorching of parts of fortifications not directly exposed to
thermal radiation has indicated reflections of some magnitude. However,
by conatructing entrances to require at least two reflections of thermal
radiation to enter the structure proper, the interior of a fortification
can be successfully shielded from nigh walues of therzal rsdiation.

The use of directly exposed sandbags adjacent to entrances re-

sults in the partial filling of the entrances with loose earth spilled
from burned sandbags.

There is a tendency to slight the design and construction of
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entrances, Aside from nuclear and thermal radiation considerationms,
entrance construction has been generally the weakest point of blast re-
sistance in past tests, Structurally, entrances fall within the revet-
went and overhead cover study, and their proper construction is as im-
portant as that of any other part of a fortification.

5.1 o General

There is no serious fire hazard created by using timber and
other lighter materials in fortifications. The primary damage fren
thermal radiation is the burning of exposed sandbags, which are tken of
no value for holding their contents in place, Those sandbags covered
with small amounts of loose earth are not damaged.,

The importance of proper design ard high quality construction
are highly magnified by the nature of the forces resulting from an
atomic explosion; and, if the construction plans for a structure do not
adequately present all detail in a simple and direct manner, improvisa-
tions on the part of the constructars are not likely to be in favor of
the structure's resistance to atomic effects.

Although large quantities of field fortifications heve beser sub-
Jected to atomic exposions, most of these were part of the DESERT RCCK
Evorcises, vhose mission did not include obtaining detailed effects ine
formation but was pointed toward troop indoctrination and orientation.
Practically all of the certain quantitative measurements made inside

fortifications in the past are confined to gamma radiatiop--most other >

instrumentation being either unsuccessful or non-existent,
5.2 RECOMMENDATICNS

That the information presented in this report be included in .
appropriate field ranuals for use in reducing the vulnerability of field
fortifications to the effects of atomic weapons,

That no future tests be conducted on standard (FM 5-15) fisJ
fortif .eations for the purpose of obtaining qualitative informaticn on
their wulnerability to atomic weapon effects,

That balanced fortification designs be made by competent per-
sonnel vho are familiar with the nature of the forces and radiaticn
phenomena resulting froo an atomic weapon detonation, As used hers,
"talanced fortification design" 1s intended to imply a design which
reaches its limits in protection from 2ll atomic effects, including
structural failure of all parts of the fortification itself, at approx-
imately the same range from the explosion, and in which there is a
Veighted compromise between atomic protection, conventional weapons
Protection, and practical military requirements such as drainage, lim-
ited meterials, and simplicity of construction.

That, in the event suitable balanced designs are evolved, sccept- !
fnce of these improved fortifications be held subject to final testing.

That, in testing these finished designs, the construction of the test
fortifications be closely supervised by those who are to analyze the

results, that their interior be well instrumented for air pressure, ¢
gemsa radiation, neutron flux, and thermal radiation, and that they bde

located at such distances from the explosion that their actual linit

in structural strength and protaction from atomic effects is realized,
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PART II

PRESSURZ MEASUREMENTS IN FIELD FORTIFICATIONS

CHAPIER 6

INTRODUCTION

6,1 OBJECTIVES

The objectives of Part II of Project 3.9 were as follows:

* 1, To determine the magnitude of overpressurs build-up within
open two-men foxholes, a corrand post,. & machire gun emplacement, and
a covered foxhole,

2. To obzerve the pressure-time characteristics of the blast
wave within two-zan foxholes such that a preliminary understanding of
the method of the overpressure bulld.p 1s achieved,

3. To discuss the variables that were observed affecting the
omrpressure bulld-up in emplacements,

6,2 BACKGROUID

The reflecticn characteristics of pressure waves incident on
plane surfaces have been studied extenaively in the region of llach re-
flection, Llos Alazcs Scientific laboratory has published reports (12,
13) which include experimental and theoretical investigaticns of these
phenomena, The meckanism of shock front propagation over & rectangular
opening below a place surface has btuen investigated by Ballistic Ree
search laboratoriea(l4) and Princeton University(15), These investiga-
tions form the basis of much of the theory of this report,

Prior to UPSECT-XNOTHOLE, there were no field test results pub-
1ished showing eitlber peak pressures or pressure-tire variation in field
fortifications, .

6.3 THEORY

The mschanisz of reflection of a blast wave from a plane surface
1s descrited in The Effect Atoalec Feapons, where it is shown that
the reflection coefficient (ratio of reflectad to inoident overpressure)
of a blast wave on & rigid surface is a function of the incident over-
pressure and the angle of incidence., This is shown in Fig, 6,1, which

was adopted from The Effects of Atezic Weapons, The inoident overe
prossures used in its figure were chosen to % close to those which
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Fig. 6.1 Relation Between Incident Overpressure, Angle
of Incidence, and Reflected Overpressure

vwers experienced during the test., Each curve shows a discoatinuity at
some point which seems to be a peak. The area to the right of this dias-
continuity is the region of Mach (irregular) reflection, while the left
exhibits regular reflection, The curve is experimental; and, as more
information bacomes available, the discontinuities may bs minimized,

It serves to illustrate, howsver, that reflection coefficieats of more
thap three can be expected under certain conditions,

Pigure 6,2 is a cross section of a foxhole-typs cavity showing
the passage of a blast wave across a point "A" which is significant
because it is in the same relative position as the Wiancko pressure-
time gages used in this experiment, This and the following figures
were based on shadowgraphs of shock tube studies made by BRL, TFigure
6.3 shows the blast vave advanced slightly further and illuatrates the
passage of a second (reflected) blast wave, over the point "A,* Figure
6./ shovs the blast wvave in a further stage of advancepent. Figures
6.5 and 6.6 illustrate how two more distinct reflected wvaves pass
through the point "A," It follows that the time-overpressure relation .
in the cavity should have characteristics similar to Figure 6,7,
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The magnitude and time of the var
upon such variables as the angle of inc
dizensions and aperture-volume relation
of point "A," The wvariosus surface irre

ious steps in Fig, €.7 depend
idence, incident overpressure,
ship of the cavity, and position
gularities, surfaces vhich are

not perfect reflectors, and the interaction with the sidewalls will also

tend to modify the shaps of the curve,
the wave propagation on the above-menti
shown in Figs. 6.2 to €.€ give only an
actual situation,
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CHAPTER 7

EXPERIMENT DESIGN

7.1 TEST STRUCTURES

The test facllitias for Part II of Project 3.9 consisted of eight
structures: four uncovered 2' x 4' x 6! foxholes; one 2' x 4' x 6' fox-
hole in which the ararture was two-thirds coversd; and one each commnd
post, machine gun e.placement, and covered foxhole, The latter three
were concurrently used fcr the blast section of Project 3.9, and their
physical appearance is fully described therein, They were emplacements
20, 25, and 30, respesctively,

A diagran of the test site layout is given in Appendix A, The
position of emplacezents 20, 25, and 30 is given in Appendix B,

7.2 INSTRUMENTATION

Indenter peak pressure gages(10) developed and supplied by NOL,
were used to obtain the peak overpreasure in all of the empiacements,

Wiancko pressure-time gages (16,17) were used to obtain the time
dependence of the overpressurs as received in the foxholes, These were
supplied and calibrated, and the traces were interpreted by NOL.

Pressure-tims, scratch gages were used in the foxholes during
Shot 10, They were supplied, calibrated, and their traces were inter-
preted by BRL,

Diagrams showing the placement of each gage are givea in Figs,
8.1 to 8,8, The figures are placed, as a convenience to the reader,

with their corresponding data sheets,
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8.1 INTRODUCTION .

The positions of the indenter, scratch, und Wiancko gages for
each foxhols and emplacezent are given in Figs, 8.1 to 8.8, which are
development drawings of the emplacements, The small,mumbered circles
each represent an indentsr gage position, The larger circles, with
such notations as S-1 or W-1, represent scratch and Wiancko gages re-
spectively, No dinensions are showm in the figures; however, they were
drawn to scals to facilitate the exact location of the gage positions,

8,2 PRESENTATION CF DaT:

Tables 8,1 to 8,8 are the results of all of the gage readings
from each emplacezsnt, The definitions of the headings of the tables
are as follows:

Pgl - Ground level overpressure (psi).

d - Average of a saries of readings of the diameter of the inden-
tation in copper disk (z{1limeters).

: k - Calibration factor - 82,6 psi/a<,

Pmax - Maximum overpressure - kd2 (pei).

Pigures 8.9 to 8.2, are the pressurs tims curves obtained from
the Wiancko and scratch gages, Their peak overpressures are givean in
Tabdles 8.1 to 8,5.
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L
*
TABIE 8,1 - Overpressure Readings in Foxhole 1
Ground Level Overpressure: Shot 9 - 7.8 psi; Shot 10 - 4,6 psi
Gege Shot 9 Shot 10
Position | 4 |gave | Poax |Pmax/Pgl | d |dave | Pmax | Pmax/Pgl
1 1 0.299 0.251
1 2 0.287) 0,307, 7.8 *1,00 0.234 | 0.237| 4.64] *1,01
3 0.335 . 0.225
4 0.379 0.306 ' :
5 0.386 0,389 12,5 | » 1,60 0.47, [ 0.305| 7.68 1.67
- 6 00401 03303
7 0.405 104304
8 0.389 | 0,397| 13.0 1.67 (0,299 {0,300 7.44] 1.62
. 9 0.398 0,297
10 0.337 0.312
11 0.432] 0,385 12,2 1,56 0,308 [0.310] 7.94| 1l.72
12 0.387 . 0.309
13 0.411 0.302
15 0.448 0,299
16 003'34 00321
17 0.3780.379| 11,9 1.53 0.304 | 0.296| 7.25| 1.58
18 {0,375 0.263
19 0.412 0.293
20 0.418 | 0,414} 14.1 1,8 0,312 {0,300} 7.44| 1.62
. a 0.412 0.296
2 0.301
23 0.304 {0,305| 7.85! 1.7
~ u 00311
[ ]
* Qage positions 1, 2, and 3 were at ground leve '
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TABIZ 8.1 (Continued) - Overpressurs Readings in FPoxhols 1
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| e s
Shot 9 Shot 10
Gage
Position dave | Puax |Pmx/Pgl | d |dave |Pmax |Pmx/Pgl
25 0.302
26 0,307 10,28 | 7.3, 1.60
27 0.286
28 0.303
29 0.381 | 0,349 | 10,1 2,20
30 0.362
k) 0.295
32 0.299 | 0,201 7.00] 1,52
33 0.278
3 0.356 .
35 0.238 | 0.293 | 7.09| 1.54
36 0.284
37 0.275
38 0.321 | 0,296 | 7.25| 1.58
39 0.291
40 0.273
41 0.265 10,284, | 6,67 1.45
42 0.313
43 0.293 |
4 0.292 | 0,293 | 7.09| 1.54
'-1 - u.6 1.87 - - 'cGo -
S-1 - - 8.1 | 1,76
8-2 - - 9.0 1.96
3-3 - - 8.7 1.89
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Ground Level Overpreasure:

TABIE 8,2 - Overpressure Readings in Foxhole 2

Shot 9 - 7.8 psi; Shot 10 - 4.6 psi

SECRET - RESTRICTED DATA

Gage Shot 9 Shot 10
Position | 4 |gave | Frax |Pmx/Pgl | d |dave | Prax |Puax/Pgl

1l C.375 0,300

2 (0,397 |0.380]11.9 | 1.53 [0.293]0.294| 7.4 | 1.55

3 |o.367 0.288

4 [o.382 0.301

5 0.433 ]0.401 | 13,3 1,70 0.243 0,261 | 5.6, 1,22

6 0,389 , 0.240

] 0,261

8 00301 0.290 6095 1.51

9 0.284 '

10 [0.370

1 [0.378 |0.37 | 11.5 | 1.47

12 0,373

13 | 0.276

1 0.285 | 0,286 | 6.75 | 1.47
15 0.296

16 0,285

17 0.284 | 0,288 | 6.85 | 1.49
18 0.295

19 -

20 0.303 | 0.284 | 6,67 1.45
a 0.265

'-2 - - 1’09 1.” - - 7.9 10"2
8.1 - . 8.8 1,91
8.2 - - |91 | 1.98
8.’ - - ..5 1.85

68




¢
G 2
A 4
[ g — ——-'—— Y e ! ———.J.
|
4 5 6 |
Q -] Q i
T n
| -9
12 8 |
l e o o l °g
1 | l o7
B |
| | ®
X, l I
| |
- | |
| |
| |
— L

Soale: 1/2" 3 1'-0"

pury
Pig. 8,3 Gage Positions - Foxhole 3

6
SECRET - RESTRICTED DATA




Soule: 1/2" 2 1'= 0"
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TABLE 8.3 - Overpressure Readings in Foxhole 3

Ground level Overpressure: Shot 9 - 3.8 psi; Shot 10 - 1.8 psl

F‘—T—_‘ — o —— e e et
Gage Shot? Shot 10
Position | 4 |gave |Pmax |Poax/Pgl | d | dave |Pwax |Pmx/?gl
[} !
1 0.270
2 0.273 (0,270 | -6,0 | 1,58
3 0,268
4 0.259
5 0.275 (0,270 | 6.0 | 1,58
. 6 0.275
4
{ 7 0.262
, 8 0.285 | 0,270 | 6,0 | 1,58
9 0.263
10 0,219 |
u 0.215 | 0,218 | 3.92( *1.04
S 12 0.220
'-3 - - 6.2 1.63 - - 3.0 1'67
. # (Cage positions 10, 11, and 12 were at ground level,

TABLE 8,4 - Overpressure Readings in Foxhole &
Qround Lavel Ovormasuro: Skot 9 - 3,8 psi; Shot 10 - 1,8 psi

m
Gage Shot 9 Shot 10
Position
4 |dave |Puax |Prax/Pgl | & |dave | Pmax|Pmx/Pgl
1 0.265
FN 2 0,283 (0,275 | 6.3 | 1.66
3 lo.,277

'-‘ - - 6.’ 10“ - - 208 10”

1
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Ground Level Overpressure:

TABIE 8,5 - Overpressure Readings in Foxhole 5 (2/3 Covered)

Shot 9 - 3,8 psi; Shot 10 - 1,8 pai

—

e ——

—

Gage Shot 9 Shot 10
Position | 3 |dave | Prax | Pmax/Pgl dave | Pmax |Pmx/Pgl
1. 0,29
2 0.242 10,22 4.8 1,26
3 10,235 ‘
W5 - - 5.5 | 1.45 - 2,8 | 1,55
TABIE 8,6 - Overpressure Reé.dings in Command Post
Ground Level Overpressure: 23 psi
" Cage Shot 9 Suov 10
Position | 4 | g4ave |Pmex |Pmax/Pgl dave | Pmax|Pmax/Pgl
1 0,457
2 0.430 | 0.442 | 16,1 | 0,700
3 0.440 Not Used
4 0.427 |
5 0,440 | 0.434 | 15,5 | 0.675
6 0.434
7 04454
8 0.462 | 0.449 | 16,7 | 0,725
9 0.432
10 0.438 ‘
1n 0,420 | 0,422 | 14.4 | 0,625
12 0.408
13 0.448
i 0.430 | 9,435 | 15.6 | 0,678
15 0,426
16 0.453
17 0.420] 0,438 | 15,9 | 0.691
18 0.441
%
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TABIE 8,7 - Overpressure Readings in Machine Gun Emplacement

Ground Level Ovérpressure: 23 psi

Gage
Position

Shot 9

" Shot 10

e

d

dave

Pmx

Pmax/Pgl

dave | Pmax

Pmax/Pgl

WV WM WM

&SR8 BES

E8% B3I&

0.557
0.572
0.537

0.577
0. 571
0. 568

0,619
0,605
0.692

00578
0.561
0.579

0.535
0.536
0,563

0,531
0,555
0.556

0.529
0,518
0.541

0.555

0.572

0.639

0,573

0.545

0.547

0,529

25.4

27. O

33.7

27,1

245

2.7

23,0

1.10

1.17

1.47

1.18

.07

1.08

*1,00

Not Used

* (Qage positions 19, 20, and 21 were at ground level,
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TABIE 8.8 - Overpressure Readings in Covered Foxhole

r—————

Ground Level Overpress e: 23 psi

—

Gage Shot 9 Shot 10
| Position | 4 |dave | Puax Prax/Pgl dave | Pmax |Pmax/Pgl
1 0.528 '
2 0.531 10,528 | 23,0 1,00
3 0.526 Not Used
4 0.536
b 0.545 10,537 | 23.8 | 1.04
6 0.529
7 0,528
8 0.545 10,532 23,4 | 1.02
9 r.523
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CHAPTER 9

DISCUSSION

9.1 INTRCDUCTION

: To attain a complete understarding of the nature of overpressure

multiplication (build-up) in a f£ield fortification, it is necessary to : ‘

detercine such things as the effect of the size, gecmetry, and orienta-

tion of the emplacement; of the overpressure region in which the enm-

placenent is exposed; o a partial cover; of an object, such as a sol-

dier, ir. the emplacement; and of the material of the walls and flcer. ;

The design of this experiment included an insufficient amount of in-

strurentation to isolate these with certsinty, Certain trends in mul- :

tiplication ard responss of the instrurents are indicated, and an in- f

troductary atteaopt is made to determine the significance of covers on .

the explacerent, |
The function of a field fortification is io protect the individual

soldier, Therefore, the results of this uype of experiment slould be

integrated with the physiological effects of the cverpressure on the

individual soldier, Until this can be accomplished, the protective

?%? of field fortifications from shock phenczena cannot completely be

eternined,

9.2 INSTRUMENTATION

9.2.1 Wiancko Gages

The traces of the Wiancko pressure-time gages given in Figs,
8.9 to 8,20 are of sufficient defi..ition to emadble a general verifica-
tion of the predicted mathod of overprescure duild-up in tte emplacenent,
Ideally, the overpressure build-up in an emplacerert should
follow the characteristics showmn in Pig. 6,7, showing three and possidly
aore distinct "steps” in the process, Emamiration of the Wiancko gage
traces reveals that the initial build-up is indeed characterised by a
series of "steps." Each trace for both shots for foxholes 1 to 4 (those
that were uncovered) shews at least two of these steps, the presence of .
which indicates that method ¢f build-up described in the theory section
of this report is walld, at lesst to the point where the third or pos-
sibly fourth pressure wave travels past the instrusent,
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The rise times from first initiation of the shock wave to the
highest peak varied from 5 to 10 milliseconds (ms), differing consider-
ably from the almost instantaneous build-up recorded at the surface,
The duration of the first pulse was 10 to 20 ms, depending upon the em-

» placement, It is important to determine whether rise times and dura-
tions of this magnitude are physiolegically dangerous,

The significance of the oscillatory nature of the traces after
the initial peak is not known; however, certain general observations

. about them can be made, The period of the oscillations for each fox-
hole, whether oriented parallel or perpendicular to the blast, was
between 16 and 22 ms, with most near 20 ms, The oseillations in the
2/3 covered emplacement were less evident than those recorded in the
uncovered emplacement,

9.2,2 Scratch Gages

For Shot 10, foxholes 1 and 2 were further instrurented with

j scratch gages suciy that a pressure-tire record on the walls of the eme

] placement could be obtained. The exact location of these gages is given
{ in FPigs, 8.1 and 8.2,

The traces of the scratch geges shown in Fig. 8,21 to 8.2, come
pa.re favorably with the Whncm-mrmdam&he—pem.w__ )
sure and times of the peaks are concerned, The sensitivity of these
gages, however, was not sufficlent to record the "steps” in the initial

Y rise, Some slight variation in the time of the initial peaks was ob-
served from gage to gage. It is felt that this was caused by the loca-
tion of the gages in the emplacemert, The gages S-1 and S-5 failed to
operats except for recording the peak overpressure,

e

9.2.3 Indenter Gages

" The indenter gages were used to augment the overpressure deter-
minations zade by the Wiancko and reratch gages, in order to determine
whother any areas of unusually high overpressure existed at any point
within the enplacerents, For Shot 9, all of the emplacements were in-
struvented; while, for Shot 10, foxholes 1 and 2 wer~ instrumented ex-
tcnslw]: with no indenter gazes in tke additional ( .placezents,

The peak overpressure values, as measured with the indenter

- gages, tended to recain relatively even throughout the emplacemente,
- Where there wes & considersble increzse at sone point, it is uncertain
“whether the extreze multiplication was caused by a high everpressure
. or sobs flaw in a gage; because the increase was often not demonstrated
" for both shots in the sate emplacerent or in emplacements in the same
- .orientation, In all cases, the aversge of all the ‘peak everpressures
: : as measured by the indenter gages was within & 15 per cent of that
Y " seasured by the Wisncko gage, It is felt that indenter guges vere suf-
; ’ tieionuy cccuntq and consistont tcr this omriunt.

9.3 mmumu

‘l‘uhlo 9,1 15 a condensation of the data obuiud from tho lnncko
gages reiating the overpresssure wultiplication, incident overpressure, .

| s
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aperture, volume, and the aperture-volume ratio for each emplacement,
Data from the machine-gun emplacement and covered foxhole are not in.
cluded in the subsequent discussion, because it was deemed that the type
of cover used on these was not consistent with those used on the other
emplacements, The remaining data give an irdication of the importance
of some of the parameters which affect the overpressure multiplication,

Plottin% overpressure mltiplication as a function of incident

F

overpressure (Fig, 9,1) indicateg--at least, in a preliminary raturee-

that the zultiplication will incresse with increassd incident overpres-
sure, Before a more reliable cwrve can be established, however, it is

necessary to obtain a greater range of points on the grarh,

Figure 9.2 shows the overpressure multiplication plotted as a
function of aperture-to-volure ratio, The pointe are connected by a
dotted 1line which serves only as an indication of the trend, A more
definite relation could not be established; because, as is seen in Fig,
9.1, the overpressure multiplication is also a function of incident
overpreasure, Had fhere been more command posts and type 5 (2/3 covered)
emplacezerts placed at various overpressure regions, it may have been
possible to draw a series of curves similar to the dotted one shomn in
Fig. 9.2, each for a different incidant overpressure,

The available data illustrate, howaver, that the overpressure
multipiication within these emplacoments 1s related to the aperture-to-
volume ratio such that, as the aperture-to-volume ratio increases, the
overpressure multiplication will also increacs, :
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CHAPTER 10 -

CONCLUSIONS AND RECOMMENDATIONS

10,1 CONCLUSIONS

During this test, the overpressure multiplication as measured
by the Wiancko gages in the open two-man foxholes was between 1.87 and
1,55; and the corresponding values for 2/3 covered two-man foxholes
were between 1,45 and 1,55,

Ingstrumentation on the walls ard floors of these foxholes indi-
cates few overrressures unusually higher or lower than those indicated
above, :

A method of overjressure build-up in a foxhole has been pre-
dicted and verified with fair certainty,

The principal variables concerning overpressure multiplication
in an emplacement are the incident overpressure and aperture-to-volure
ratio,

10,2 RECOMMENDATIONS

Until the physiological significance to a human of overpressure
with properties similar to those showxm in the Wiancko gage traces is
determined, it is recommended that no further fullegcale field tests of
these phenomena be attenmpted,

If further testing, whether laboratory or field, is warranted on
the baais of the considerations delirneated above, it is recommended that
more data be obtained to fully deterxine the effects of incident over-
pessure and aperture-to-volume ratio on the overpressure mltiplica-
tion, and that an attempt be made to determine whether orienmtation,
mterials of the walls and floor of the emplacement, and some objeot in
the emplacement will markedly change the overpressure multiplication,
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PART IIX

REFIECTED THERM\L RADIATION IN FOXHOILES

. CHAPTER 11

INTRODUCTION

11,1 OBJECTIVES

The objectives of Part III of Project 3.9 were to measure the
thermal radiaticn from an atomic bomb in the shadowed portion of a stan-
dard, 2' x 4' x 6', two-man foxhole; and to determine a method of scal-
ing such that the reflected thermal ensrgy in a foxhole may be predicted
for any atomic weapon yleld, height of burst, distance from ground zero,
and reflectance of expoged wall,

11,2 BACKGROUSD

Durirg the DESERT ROCK operations(18), much work but little cor-
relation was dene to 1llusirate the gross effects of a nuclear datora-
tion on field fortificaticns, Thase emplacements, in general, were con-
structed to 1llustrate effects grarhically to the troops participating
in the operation, with little or no attempt at instrumentation or record-
ing of results, The blast and overpressure sections of this report bave
attempted to obtain more definite inforzation on blast effects,

Megsurements have been made of the gamma redlation intensity and
the neutron flux in a standard two-man foxhole(6,19).

The protective valus of standard field emplacements from therml
rediation has been illustrated qualitatively in the DESERT ROCK opera-
tions, and it has been generally agreed that adequate protect’on is
afforded except in extreze conditions where a large portion of the em-
placement is directly exposed. In a quantitative sense NML instrumented
one foxbole with passive thormal indicators for one shot of the BUSTER
geries, EBighteen cal/cm? were received on the directly exposed wall,
but little measurable reflected energy was received on the unexposed
walls ‘or floor(20),

Iittle more than this was known about the reflected thermal energy
within an enplacement, which ind cated a need to determine this quantity,
and to develop means of sonling this inforzation to many conceivable
operational conditicns, ,

9
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11,3 THEORY

The successful completion of an experiment of this type depends
upon achieving a balance between the actual conditions experienced by
the soldier in combaet and modifications which are necessary to nrovide
convenient, relisble experimental measurements, During the conduet of
the field test, these modifications should be kept at a minimum, provid-
ing accurate operations are mot impaired,

To accomplish the objectives, a series of foxholes representative
of the besic type of emplacement most usad in combat were instrumented,
They were lined with aluminum which was treated with an "Alzak" process,
giving the surface high diffuss reflectance characteristica(21), (Aver- ;
ages 70,7 per cent over the 400 to 1100 micron wavelength range,) This |
mterial was chosen because polar reflectance curves of sand and soil — |
indicate that they are essentially diffuse reflectors, and the walls of
the foxhole should have similar reflectance chaescteristics(22), Alumi-
teristics would rerain unchanged through the entire therzal pulse, This
generally would not be the case for paints or most otherwise suitable
diffusely reflecting surfaces,

Briefly, a diffuse reflector is one in which the energy intensity
meagured at any angle from the normal to the reflecting surface is pro-
portional to tbe cosine of this angle multiplied by the intensity of the
reflected energy in the normal direction, In mathematical form:

Ig=I,co80
where Ig # energy intensity at angle © from tre normal to the

surface
and - Ip = epergy intensity in norzal direction to the sur-

face,

—
e aaa -
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CHAFTER 12

EXPERIMENT DESIGN

12,1 GENERAL

A series of 22 two-man foxholes instrumented to measure thermal
energy were exposed to Shots 9 and 10, Each was lined with aluminum
sheet, the surface of which was treated to be a diffuse reflector, and
was oriented for each shot such that the direct thermal energy was inci-
dent either 1 fit, 2 £t, 3 £t, or 4 £t down the directly exposed wall, or
2 £t across the floor. This was accomplished by placing all foxholes
(excoept those used for calorizeters and scaling) in the same imrmediate
area and orienting each ons in the ground at an angle sguch that the
desired amount of baci wall was directly exposed as showm in Figs, 12,1
and 12,2, The area arocund the foxholes was subsequently stabilized to
nminimize preshock dust, an effect which will vary considerably with soil
conditions, :

12,2 TEST SITE LAYCUT

Bighteen foxholes were placed 4000 £t from estimated ground zero
on the Eagt-West blast lins, two were placed at 6000 f£t, and one at
8000 £t from planned ground zero on the Forest Service Line,

A diagrap of all Project 3.9 emplacements is given in Appendix A,

12,3 ISTRUMENTATICH

Each foxhole was inatruvented with an array of passive indicators
placed to provide measurements of the thermal energy distribution for
each orientation (area of back wall exposed), For those emplacements
in which the long (6 £t) edge was parpendicular to a radial line from
the bomb, measurements were taken along a vertical line 1 £t from the
directly exposed wall, When the long (6 f£t) side was parallel to a

22l line from the boumd, measuressnts were made along vertical lines
1 ££, 3 £8, 4 £t, and 4% £t from the directly exposed wall and alo
horisontal lines 1 ft, 2 £t, and 3 £¢ fronm the top of the faoxhole, To
elininate shielding of the passive indicators by the supporting frame,
8 series of foxholes were often necessary for each orientation, The
purpose of each is given in Appendix E, and was the same for cach shot,
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Furthermore, at the 6000 £t and 8000 ft stations, calorimeters
were utilized to measure the reflected thermal energy. They were placed
parallel to the passive indicators in order to obtain a direct compari-
son with the total energy as measured by the passive indicators,

12.4 THERMAL INDICATORS

The passive indicators consisted of carbon paper, M-6 liquid ves-
icant detector paper, black mtt paper, cherry bond paper, and buff bond
paper which were develored and supplied by XML, These react to various
thermal energies from 0,45 cal/cn< for the M-6 liquid vesicant dstector
paper to 14 cal/em? for the buff bord paper. They were cut into # in,
wide x 12 in, long strips and mounted with cellophane taps on % in, x
3 5/8 4n, x 12 in, plywood panels, With the necessary space between
passive indicator strips for firebreaks, it was possible to mount four
strips per plywood parel. The penel assembly was then painted with an
acryloid gloss type fire-resistant paint exposing eight evenly spaced
1 in x 3/4 in, "windows" per indicator strip, For certain applications,
penels 9 1/8 in, long ard 2 in, long were assembled,

The calorimeters were supplied by the Naval Radiological Defense
laboratory. Thoy consisted essentially of a sultably mounted disk-shaped
blackened copper energy receiver with a thermocouple soldered to its un-
exposged face‘()23). With sprropriate recording devices, it was possible
to obtain the time-temperature characteristics of the copper disk during

sxposure, This could t:ren be convertasd to a curve giving the total energy

received as a function of tims, .

9%
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CHAPTER 13

RESULTS

13,1 DATA ARALYSIS

The reflected therral energy as measured in the foxholes was
made independent of the direct thermal ensrgy by representing, wherever
there was a passive indicator reaction, the reaction energy as a frac-
tion of tko direct therzal emergy., Thus, if the indicator reaction
energy was 5.6 cal/cn?, and the direct emergy was 40 cal/cm?, the frac-
tion is then 5.6 cal/cxR/40 cal/emR s 0,140, In this manner, the data
obtained fron corresponding foxholes for Shots 9 and 10 were combined
ini> a single get of data, , A

It was necessary to compensate for variations in wall area caused
by slight errors in orientation of emplacerents and the difference bee
twoen actual and planned ground zero, Accordingly, if tke exposed area
was plghned to be 2 £t2, but was actually 1,5 £t%, the fraction at each
indicqtbr reaction point was multiplied by 2 £42/1,5 £12 = 1,33 to give
<he Zruetion bad 2 £12 been exposad. In addition, this figure was then
mltiplied by a constant factor (1/Reflectance of alunizum g 1/0.707 o
1,42) to give the fraction of incident enmergy had the reflectance of
the walls been unity, Appendix F gives the complete therzal data,

13,2 IVE INDICATORS

o 13,1 to 13,12 give the fraction of incident energy within
the foxhole as a function of distance from expossd wall at a particular
depth or as & funoction of depth at a particular distance from the exposed

13.3 CALORIMETERS

In each cace, the calarimeters were placed in the foxholes such
that direct coaparison of the tolal enmergy as measured by the calorime-
ters and the paseive indicators could be made, The reflected thermal
onergy, 48 deagsured by the calorizeters along with their position in
the foxholes, 1s given in Tables 13.1 and 13.2 and Figs. 13,14 and 13,15,
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13,4 MAGNITUDE OF INTFRREFLECTICN

Figure 13.13 gives the fraction of incident energy as a function
of distance from the directly exposed wall for the 3 £t depth in the fox-
hole. In this emplacement, all of the walls (except that which was
directly exposed) were coated with a low reflectance, flat black paint,
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) | CHAPTER U,

DISCUSSTON

14.1 GENERAL

1 The data as given in Figs, 13,1 to 13,12 enable the prediction of
the reflected thermal energy distribution in a foxhole for the follow-
ing conditions:
1. Llong (6 £t) edge parallel %o a radial line from the bomd and
2, 4, 6, or 8 £¢2 of the back wall directly exposed which correaponds
. to the direct energy incident 1, 2, 3, or 4 ft, respectively, down ihe
back wall,
: 2, Long (6 £t) edge parallel to a radial line froa the bomb and
8 £t2 of the back wall plus 4 ft< of tha floor directly exposed, This
. was congidered the most extrems exposure conceivable, etill permitting
e man to erouch in the shadcwed portion of the foxhole,
3. Long (6 £¢) gdge perpendicular to a radial lins from the bomd
and 6, 12, 18, or 2, £t< of the back wall directly expcsad which corres-
ponds to the direct emsrgy incident 1, 2, 3, or ft respectively down the

back '8110
14.2 ANALYSIS OF RESULTS

14.2.1 Vertical Recelvars

In those foxholes in which the recelvers were oriented verti-
cally with reapect to the foxhols, the data curves for each receiver
position are charactsrized by the same general shaps, See Appendix D,
This is evident in all btut Fig, 13,6 to 13,9, which are the curves for
the receiver 4.0 f£¢ or 4.5 £t from the directly expossd wall, For these
oagses, the aprarent discrepancy can be resolved by considering the fact
that the indicators when placed along & line at this distance froa the
directly exposed wall are such that the distance betwsen the directly
exposed wall and the receivers is only slightly changed as the receiver
depth is inoreased to 4 ft. As a consaquence, the enerzy at the receivers
. varied slightly, and the data could only be repressated as a btend,

Por each other receiver location (1 £¢, 1,5 £t, or 3 £t from
the directly exposed wall), the curves have a sinilar shape; and the

i1l
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author feols that, when any other intermediate area is exposed, the

' enorgy distribution may be obtained for thess conditions by careful and j
1 discreet interpolation, ' I
The location of each individual curve indicates that the posi-
tion of the receiwver relative to the directly exposed source (wall) is
the main factor in determining the energy received by ths receivers, .|
Of lesser importance, within limits, is the area of source and also the

angle of incidence of the direot energy on the source (exposed wall),

14.2.2 Horizontal Receivers .

The curves in this cass have maxizum fractional values near the
source which are considerably lower than the case for vertical receivers,
They all tend to decrease as distance from the gource increases,

When 2 ft2 of the wall were directly exposed and the receivers
were placed along a lino 2 £t and 3 ft froa thu top of the foxhole, thers
were no indicator reactions capable of being interpreted, which indicates
that the energy recelved in this area <13 too low to be measured reliably
by the passive indicators, However, it =ay be concluded that the frac-

1 tion is at least less than 0,0510 when the recsivers are 2 £t from the
{ foxhole top, and less than 0.0300 when the receivers are 3 ft from the

top,.

14.2.3 Caloriczsters

It was anticipated that a direct comparison of the ealorimeirie
and passive indicator data ecould be made, However, since the aperture : ]
of the calorimsters used was 909, and the aperture of the passive indi- ]
cators was essentially 180%, a direct coaparison is not neaningful, The ¥
calorizetric results in Table 13,2 are plotted with the passive indicator
data in Fig, 13,2, Here, the calorizeter "saw" essentially only 3.l £t
of the exposed wall; while, actually, 12 ££2 of the wall was exposed,

The decreasse of measured ensrgzy 1s not directly proportioral to these
areas, bocause the source (exposed wall) im—ediately in front of the
receiver contributes a proportionally greator amount of the total received

onergy.

When the long (6 £t ) side is parsllel to a radial line from
ground zero, thers is better correlation, Here, the caloriveters were
further from the expossd wall, and they could "see" almost all of the
exposed area. The data from these calorireters are plotted for compari-
son with the passive indicator results on Figs, 13.3 and 13,4.
Comparison of the calorimster results as measured in the fox-
holes with similar calorimeter moasurements taken of the direot thermal
enaxrgy indicates essentially no change in the shape of the thermal pulse.
This elininates the possibility of an excessive amount of dust obscura-
tiom or reflection of therual energy frou dust above the eaplacenment
which would negate the passive indicator results, d

.3 MGHNTIUDE OF INTERREFLECTION

It was folt that the high reflectance of the foxhole walls woull
cause same increase in the received ensrgy because of interreflection
fron ons wall to another, In an attempt to measure the mgnitude of
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this effect, a foxhole was constructed in which the walls (except the
ons which was directly exposed to the incident radiation) were coated
with & low reflectance, flat black paint. Fig, 13.13 gives the data
from this foxhole and for a corresponding aluminum lined foxhole, and
shows that the energy received by the black foxhole is lower by a factor
of approximately 30 per cent when the receivers are relatively far from
the source and is lower by a factor of approximately 40 per cent when
the receivers are closer to the directly exposed wall. It muat be noted
that the data are of limited extent and may not be conclusive for other
receiver positions,

The actual magnitude of interreflection will depend upon the
reflectance of the emplacemsnt walls, increasing as the reflectance
increases,

14.4 SCALING

: Part of the objective of this test was to provide scaling laws
such that the information presented herein would be applicable to all
field conditions, Using data from foxholes 11, 15, and 16, and the
data from both shots for corresponding foxholes, the average deviation
when calculated with reapect to the fraction of inecident energy is
0,054, and 18 0.190 ft when calculated relative to the distance fronm
the top or exposed wall, This indicates that the results, when obtained
under different conditions, are reproducibdle,

14,5 APPLICATION

The reflected therml energy distribution in a foxhole may be
determined for the conditions within the limit of the experiment by
using the following formulas

B = FFI

E = the deaired energy in the foxhols
P = the reflectance of the walls of the foxholes
F = the tr;ction of incident energy as determined from Figs, 13,1
to 13,12
I = the direct incident emergy
The reflectances of some typical soils and materials is given in
Table 1.1,

PADE 15.1 = Rellectances of Typlcul Witerials

]

iaterial Reflectancs T Seurce
Loay, sandy 0.2 i 1
Zarth, woinst 0.08 1
Warl, argillacecus 0.16 1
Saow 0.93 i 1
Tucon Plat mand approx 0,30 | 2
Preochmn Mat saad . epmrox 0,25 | 2
Pim 0,5 | )
ok 0,35 ; )
Blreh 0.3% 3
Salmut ! 0.2) | ]

1. Nandbook of Chesmtstry and Physics, Chea. Rubdar Mub. Co,,
32 od., mes 2L44, 45,

2, The Tharm! er (.’g'eﬂeﬂ Properties of Nemais Send, Mawl
Mterial laboratory, My 1952, CoNFIDRIN UL,

3. Jourmal of the Optileal Soelety of Amarics, Aoril 19:8,
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CHAPIER 15

CONCLUSIONS AND RECOIMMENDATIONS

1 151 CONCLUSIONS

i The thermal energy distribution in a two-men foxhole can be pre-
dicted using the data given in Figs, 13,1 to 13.12 and the methods of
- scaling shown in Chapter 14.

The data from foxholes 11, 15, and 16 and the data froa both
shots for corresponding foxholes indieate that scaling to reasonable
operational conditions of height of burst, distance from ground zsro,
and yleld is valid, ,

The thermal energy distribution in faxholes, as well as in other
types of emplacemants, can be predicted by using the methods, and within
the limitations, of Appendix D,

If the reflectance is one third or less, a man will receivs less
than 10 por cent of the direct tharmal radiation if he is in the shadowed
portion of his foxhole at least 1 £t below the limit of the direct ther-

ml radiation on the exposed wall,
15,2 RECOMMENDATIOIS

It is reconmended that this experiment be considered conclusive
unless & requirement is shown for the therzal energy distribution in an
eaplacement of markedly different geometry, such as a case where the
directly exposed 7all is not perpendicular to a radial line fren ground
sero, or unless a requirement is shown for data of greater detail or
extent, :

With its linitations in mind, it 1is rccommended that the method
described in Appendix D for deteruining the enmergy received in an em-
placement be considered for general use,

14
SECRET - RESTRICTED DATA




PART IV

GAMVMA RADIATICN IN FOXHOLES

CHEAPTER 16

INTRODUCTION

16.1 OBJECTIVE

The objective of Part IV of Project 3,9 was to instrument a 2' x
4' 2 6' two-man foxhole for prompt gamma radiation such that the angular
dependence of the instrumentation is determined.

16,2 BACKGROUND

Under Project 2,6, BUSTFR, a series of two-man foxholes were ir-
strumented to measure prompt gamma radiation; and the results were sub-
sequently published in the final report(é), Among the conclusions wers:
the expo-ure for troops at the bottom of foxholes would be about 12 per
cent of that received by unprotected troops in the same lecation; air-
scattered gamma radiation contributed from 80 to 90 per cent of the total
intensdty at the bottom of the foxhole, This information was based on
f1lm badges {the prompt gamma radiation instrumentation) which were placed
vertically with respect to the foxhole,

Sbertly mrior to UPSHOT-FNOTHOLE, the question was posed as to
whether the oriemtation of the film badges in the foxholes would markedly
changs the csmeepts of fortification protection described in the Project
2,6, BSTER yeport. To answer this question, one two-man foxhole was in-
strumented with £1lm badges which were placed vertically, borizontally,
and ot & {9° engle with respect to the foxhole,

16,3 IESCEEEION

The Waefs of this experiment was to justify the method of inatru-
msentation and the assumptions used in Project 2.6, BUSTER, Therefore,
this experiment is prirarily converned with the angular dependence
of f1lm Wmdges, rether than the protection afforded by field fortifica-
tions,

Theeretianlly, the response of a film badge which 1s placed at
varions angles t® parasllel gamma radiation will depend upon the angle of
incidence of the madiation and should follow the familiar cosine relation

IO s I‘ cos O
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where Ip is the amount of incident radiation measured normal to the di-
, rection of incident radiation, the @ (called the angle of incidence) is
the angle between the direction of the incident radiation and the nor-
mal to the badge; and Ig is the amount of incident radiation measured
at the angle 0, Thus, as O increases from 0° to 90°, the value of Ig .
will decrease from a maximum equal to I, to zero,

It was discovered in BUSTER that the majority (80-90 per cent) of
the radiation received at the bottom of a foxhole could be attributed to
that which is scattered, and that this radiation comes essentially from

~the top of the foxhole, Accordingly, most of the radiation received by
the filmas near the bottom of the foxhole was at a high angle of inci-
dence, This, it was felt, would cause the films to read too low, Zllery
Storm of Los Alamos Sclentific Laboratory made an investigation and con-
cluded that an average correction factor of 1.5 would compensate for a
high angle of incidence(24), Further speculation about this effect was
made; and it was postulated that the radiation values obtained in EUSTER
my be too low, even though the 1.5 correction factor is applied, The

] objective of this experiment was to investigate this assumption,
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CEAPTER 17

INSTRUMENTATION

17,1 FILM BADGES

Standard dosimeter film packets using DuPont types 554 insensitive
and 558 insensitive films were ured as the gamm radiation detectors,
The type 554 insensitive film was used to detect gacra radiation inten-
sities to about 200 roentgens, while the type 558 insensitive was uti.
lized to detect gamma radiation intensitiés to about 1000 roentgens.,

For field exposure, the bedges were mounted in National Bureau of
Standards film holders.

17.2 CALIBRATION

Since the film badges were placed horizontally, vertically, ard
at a 45° angle with raspect to the foxhole, it was necessary to calibrate
the films at a geries of angles of incidence, This was accomplished ty
" using & Cogp, source and rotating the films to the desired angle, It was

dotewined%bat the calibration curves as obtained from the Cogn source
were sufficiently accurate to be used with no further nodificaegon for
the radiation range of interest in this test,

Comparison of the calibration curves indicated that the angular
depsndence of the exposure of the badge was not as critical as would be
postulated on the bagis of the cosine law, The calibration data were
not of sufficient detail to verify sny relationship between tha exposure
of the £ila and the angle of incidence of the radiation,

It was felt that the materials of the NBES holder tend to scatter
and, to soze extent, attenuate the incident radiation,

17.3 TEST SITE
One foxhole, 4000 £t from expected ground szero, along tbe East-
West blast line was utilized for this exporiment, The film badges were

placed, numbered, and oriented as shown in Figs, 17.1 and 17,2.
Shot 9 was used for the exposure,

1i7
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mo 17.2 Wﬂ of Foxhole
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CHAPTER 18

RESULTS

18,1 METHODS OF ARALYSIS

The filn badges used during BUSTFR were placed vertically with
respect to the foxhole and calibrations were made with the film placed
at a sero degree angle of ingidsnce (the £ilm was perpendicular to the
incident energy). In order to obtain a direct comparison, all of the
f1lps used in this test which were placed in position A (vertical with
respect to the foxhole) were read from calibration curves made at a zero
degree angle of incidence,

It was determined during BUSTER that 80-90 per cent of the radia-
tion received near the foxhole «w%tom was scattered in from the top.
Therefore, the £ilms placed in pusitions B (45° angle) and C (horizontal)
in groups 2, 3, 6, 9, 11, 12, 15, and 18 effeectively received most of
tae incident radia‘ion at an angle that is formed approximately by a
1iae drawn fron the upper front edge of the foxhole to the film and the
normal to the film, Thus, each of these films was characterized by an
angle of incidsnce, Calibration c:uves for these angles wers drawn and
the amount of radiation was obtained, These data, and the per cent dif-
tmngo between poasitions A and B and A and C, are given in Tables 128.1
end 18,2,

It was folt that the remaining groups received essentially all
of their radiation directly, i.e., unscattered. Calibraticn curves od-
tained at the angles of incidence on the film of the direct radiation
from the boudb were used tc obtain the radiation valuer Cor positions B
and C, Position A was evaluated as discussed earlier in this chapter,
These data, and the per cent difference betwsen positions A and B and
mitim‘ and C are given in Tables 18,3 and 18.4. The overall aver-
age per cont difference bitween positions A and B and positions A and C
is ‘1“‘ in YTadble 18050

All of the above data have been corrected to give the rediation
valus had eack film of & group (horizontal, vertical, and at & 45° angle)

been &t exactly the same point,
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18.2 DISCUSSION OF RESULTS |

Position A was chosen as the basis for comparison in Tables 18.1
to 18,5, because this orientation was used during BUSTER, It was neces-
sary to obtain a direct comparison between film badge readings obtained
as they were during BUSTER and film badge readings taken at other orien-
tations during this test.

Calibration of the £ilm badges at the angles and by the methods
described above provides a direct comparison between data which have
been obtained in the most accurate manner available and the data which
are in question,

It can be noted by an investigation of Tables 18.1 to 18,4 that
there is 1ittle significant difference between the radiation val ies of
a group whether obtained horizontally, vertically, or at a 45° angle,
This difference becomes even less significant when the 20 per cent error
of the film is considered, There is a tendency, however, for the radia-
tion values obtained from the horizontal and 45° angle film badges to be
slightly higher than those obtained from the vertical f£ilm badge,

TABLE 18,1 - Data from Film Badges Receiving Scattered Radiation
Pila Type - 554 Insensitive

Exposure (Roentgens) Difference | Difference
Position Between Betweon

A B c A and B(%) | A and C(%)
2 26 16 23 38 12
3 15 16 17 ? 13
6 19 23 19 21 0
9 23 22 33 4 43
1 33 38 40 15 2
12 15 18 16 20 ?
15 28 32 28 12 0
18 80 67 65 16 19

TABIE 18.2 - Data from Pilm Badges Receiving Scattered Radiation
Fila Type - 558 Insensitive

Bxposure (Roentgens) Difference | Difference
Position Batween Between

A B c A and B(%) | A and C(%)
2 29 25 42 U 45
3 12 15 15 25 25
6 17 2 24 3 4
9 2 8 3 14 50
1n kY 47 A8 38 a
12 15 19 17 N 13
1 3 33 47 é %
18 &7 é8 84 1 25
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TABLE 18,3 - Data from Film Badges Receiving Direct Radiation

Film Type - 554 Insensitive
Exposure (Roentgens) Difference | Difference
Position Between Batween
A B c A and B(%) | A and C(%)
1 143 239 90 67 37
4 175 169 173 3 1
5 36 - 40 46 11 28
7 195 201 194 3 1
8 55 56 58 2 5
10 190 186 199 2 5
13 225 220 240 2 7
1 81 9 90 16 11
16 225 250 260 1 16
17 168 161 181 4 8

TABLE 18., - Data from Film Badges Receiving Direct Radiation

Film Type « 558 Insensitive
e e ————— ﬁm
Exposure (Roentgens) Difference | Difference
Position Between Between
A B c A and B(%) | A and C(%)
1 126 166 175 32 39
4 153 - 199 o 30
5 40 62 54 55 35
7 161 185 20 15 37
8 52 66 68 27 N
10 182 225 25 2, 2,
13 300 245 260 18 13
u 82 93 100 13 22
16 270 250 310 7 15
17 152 230 172 51 13
TABILE 18,5 - Overall Average Per Cent Diffarance
m—'__——"
~ Averege Percent Average Percent
Fila Difference Between Differance Betwean ,a
Aand B AandC *
554 Ingensitive L 13
558 Ingensitive 24 30
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L
CEAPTER 19
CORCLUSIONS AND RECOMZEINDATIONS
| 19.1 CONLISIONS
The angular orientation of fila badges used to xeasure the gamm
radiation in a foxhole 13 not a critical factor in dstermination of the
total dose,
19.2 RECOMMERDATIONS
| It 13 recommonded that the angular orientation of film badges de
considered not to affect the conclusions of Project 2,6, BUSTER,
.
[}
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Fig. .21 PFortification No. 5, before Shot 9

PMg. C.22 Portification No, 5, after Shot 9
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Pig, C.25 PFortification No. 6, before Shot 9 b

Pig. C. 26 Portification No, 6, after Shot 9
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Pig, C.29 Fortification No, 7, before Shot 9

Pig. C.30 Portification FNo. 7, before Shot 9
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Pig. C.38 Portification No, 9, before Shot 9
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Pig. C,43 PFortification No. 9, after Shot 10

Pig. C.44 Portification Fo, 10, before Shot 9
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Pig, C.53 Fortification No, 11, after Shot 9
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P.g. C.58 Portification No., 12, after Shot 10
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’ Pig. C.59 PFortification No, 13, before Shot 9

Pig. C.60 Portification No. 13, befere Shot 9
155

SECRET - RESTRICTED DATA




BRI A R TR TN e e et

Pig. C,61 PFortification No. 13, after Shot 9

A Vo W Sk vy ¢+ Moo b AR et v mews b = gk e “

Pig. C.62 Portification No. 13, after Shot 9
156
SECRET - RESTRICTED DATA




- A
- - LY N L
L 4 i g
[ z /‘ . I
. . ' £33
”~ " N ' ‘ ' " . q
L T W . Aoy
AN Ao . RN
[ - Mgy .
.. b , . . ., . . & > . " -c‘

Pig. .63 Fortification No, 13, after Shot 10

B P

~
Pig. C.64 Portification No, 14, before Sbot 9
157

SECRET - RESTRICTED DATA




ARSI 4 R S BT B S S

B SR LR e LTI R A NI RRRE ¢

Fig., €,65 PFortification No. 14, before Shot 9 :

Pig. C.66 Portification No, 1i, after Shot 9
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Pig. C.86 Portification No, 19, after Shot 9
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Fig. C.87 Portification No, 19, after Shot 9

Pig. C.88 Fortification No. 20, before Shot 9
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Pig. .92 PFortification No, 20, after Shot 9
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Fig. C,93 Fortification No, 21, under Construction .
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Pig. C.94 Portification No, 21, after Shot 9
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Pig. C,97 Portification No, 22, after Shot 9 .
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Pig. C,100 Partification No, 23, before Shot 9

175
SECRET - RESTRICTED DATA




s,

~ ) ". . t.
§ - + - & - . -~ ey~ !
< . v J’/ - c e
S hc i .
- -l - ;
| .. o
] y
,
-
"
~ 1 4
. »
- -
~
L 4
K
?

Pig. C.,101 PFortification No, 23, after Shot 9

Pig. C.102 Portification No, 23, after Shot 9
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Pig. C.106 Portification No, 24, before Shot 9
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Fig. C.107 Portification No. 24, after Shot 9

Pig. C.108 Portification No, 24, after Shot 9
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Pg. C,109 Fortification Fo, 24, after Shot 9

Fig. C.110 Portification No, 25, before Shot 9
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’ Fig, C.111 Portification No, 25, before Shot 9
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Pig. C,112 Portification No, 25, after Shot 9
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Fig. C,113 Fortification No, 25, after Shot 9

-
- .
“ L . i
T e .
-~ LN -
-
-
. - r
A -
- -
e
v -> - >
v
LY S
-
-8

Pig. C.114 Portification No, 26, after Shot 9
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Pig, C.115 Fortification No, 26, after Shot 9
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Pig. C. 116 Portification No, 27, after Shot 9
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Pig. C,118 Portification No, 27, after Shot 9
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Fig, C.121 PFortification No, 28, bafore Shot 9
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Pig. C.122 PFortification No, 28, after Shot 9
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Fig. C,125 Fortification No, 29, before Shot 9
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Pig. C,126 Portification No, 29, after Shot 9
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Pig. C,128 Portification No, 30, before Shot 9
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Pig. C,130 PFortiffcation No, 30, after Shot 9
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Pig. C.132 Portification No. 31, after Shot 9
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Fig. €.133 Portification Xo, 32, after Shot 9
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Pig. C.134 Portification No, 32, after Shot 9
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Pig. C.135 Fortification No. 33, before Shot S
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Pig. C.136 Portification No, 33, before Shot 9
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Pig. C.137 Portification No, 33, after Shot 9

Pig. C.138 Portification No, 34, before Shot 9
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Fig. C.139 Portification No, 34, afte: Shot 9

.

’1‘0 0.140 Portification No, 35. before Shot @
195

SECRET - RESTRICTED DATA

R |

. e - o e —




+

Fig. C.141 Portification No, 35, after Shot 9 *
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Fig. C.142 Portification No, 36, before Shot 9
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Pig. C,143 PFortification No, 36, after Shot 9
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PMg. C.144 Portification No, 37, before Shot 9
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Pig. C.145 Fortification No, 37, after Shot 9

Pig. C. 246 Portification No, 37, after Shot 9
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Pig. C. 148 PFortification No, 38, after Shot 9
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Mg, C.149 Portification No. 39, bafors Shot 9 1

Pig. C.150 Portification No, 39, after Shot 9
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Pig. C.156 Fortification No, 40, after Skhot 9
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Pig. C.159 Portification No, 41, after Shot 9
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Pig. C,160 Portification No, 42, before Shot 9
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Pig. C,161 PFortificetion No, 42, after Shot 9 : .
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Pig. C.165 PFrrtification No. 44, before Shot 9
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Pig. C.166 Portification No, 44, after Shot 9
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Fig. C,168 Portification No, 45, bufore Shot 9
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Fig. C.170 Portification No, 46, before Shot 9
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Pig, C,171 PFortification No, 46, after Shot 9
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Pig. C.172 PFortification No. 47, before Shot 9
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Pig. C.174 Portification No, 48, before Shot 9
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Pig. C,176 Porti’:..tion No, 49, before Shot 9
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Fig, C.177 Fortification No, 49, after Shot 9
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Fig. C.178 Portification No, 50, before Shot 9
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Pig. C.179 PFortification No, 50, before Shot 9

Pig. C.180 Portification No, 50, after Shot 9
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APFENDIX D

GENERAL METHOD OF
DETERMINING THE THERMAL ENERGY RECEIVED IN AN EMPIACELENRT

D.1 INTRODUCTION

Refer to Figs. 13.1 to 13,4, which are the curves for the fox-
holes in which the receivers were vertical and 1 ft, 1.5 ft, and 3 £t
fron the directly exposed wall; and note that all the curves correspond-
ing to the incident energy 1 ft domn the directly exposed wall are of
similar shape and location on the graphs, This is also true for the
cases in which the incident energy is 2 ft and 3 ft down the directly
exposed wall, Thus, from Figs. 13.1 to 13.4, it was possible to form
three gensralized curves corresponding to the incident energy 1 ft, 2 .
ft, and 3 £t down the directly exvosed wall,

These three new curves were found to be of such shape and loca-
tion that it would be possible to further combine them into one com-
pletely generalizad curve by displacerent of each in a horizontal direc-
tion, This curve, multiplied by reflectances of 0,30, 0,20, and 0,10,
is labeled "C" in Fig, D.1.

In the formation of this generalized curve, it was calculated that
an average error of & 25 per cent was introduced.

D.2 DEFINITIONS OF STMBOLS

The following symbole are used in Fig, D,1:

D - Distance from ground zero (ft)

EB - Feight of burst (ft) .

1 - Dimension of the emplacezent as massured along a radial line
from ground zaro (ft)

h - Depth in emplacement at which the energy value is desired (ft)

P - Reflectance of the directly exposed wall (taken as 0,10, 0,20,
and 0,30 for this case)

D.3 ASSUMPTIONS AND CONDITIONS

The visibility is 20 miles,
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The receiver is between 1 £t and 3 £t from the directly exposed
wall, and 18 between 1 £t and 4 £t from the top of the emplacement, and
at least 1 £t from either side.

The receiver is vertical,

The exposed wall is perpendicular to 2 radial line from ground
zero,

The relative values of HB, D, and 1 must be such that (HB x 1)/D
(distance down the back wall which is exposed to direct thermal radias-
tion) must equal between 1 £t and 3 f£t, This corresponds to the direct
energy incident from 1 ft to 3 ft down the back wall,

The b must be equal to or greater than (HB x 1)/D,

D., APPLICATION

Given the values of D, HB, and KT yield for the bomb, determine
the total incident thermal emergy by using section "A" of Fig, D.1, If
visibility 1s other than 20 miles, it is suggested that TM 23-2C0 be
used to find the total incident thermsl energy at the given diatance
from ground zero.

Using section "B" of Fig, D.1, the same D and HB as above, and
then 1 and h, determine a point on the abacisea of section "C."

Using section "C," along with the points found in sections "A"
and "B," dstermine the energy at depth "h" in the emplacezent for a
given reflectance,
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APPENDIX G

BLAST DALAGE CRITERIA FOR DESERT ROCK FIELD FORTIFICATIONS
by Pfc. Marvin Adelberg

G.1 INTRODUCTION

G.l.1 Purocse and Scove

The purpose of this appendix is to establish blast damage
criteria for field fortifications suitable for inclusion in TM 23-200,
This study is limited to the data contained in the Desert Rock reports
of operation at the Nevada Proving Grounds (1,2,3,4) and to the
analytical procedure presented by Sandia Corporation in SC-3209 (24),

G.l.2  Background

In the course of reviewing the background material for Project
3.9, Capt. Robert C, Nelson, Chief of Special Projects Branch, ERDL,
recognized the possibility of applying Sandia Corporztion's analytical
method to present the Desert Rock observations of blast damage to field
fortificztions in the form of damage curves, Therefore, lst Lt, Allan
R, Fowler was directed to comrile these data, and Sgt. Charles T.
Yessinger, under the supervisicn of Dr. Thomas G. Walsh, was directed
to conduct the initial calculations. Upon examining the results of
the initial analysis, Lt. Comdr., Christianson, AFSWP, suggested that
it be extended. The analysis wvas extended and put in final form by
Pfc. Marvin Adelberg, under the supervision of lst Lt. Fowler,

G2 ANALYSIS
G.2.1 Rav Data

The raw data consist of the observations of blast damage to
field fortificztion emplacements presented in the reports on Exercise
DESERT RICK I to V. The data are consolidated in Table G.1l, which is
self-exclanatory except for the column headed "Damage Probability."

To explain this column, consider the 32nd entry, which is 3/5., This
means that five unreinforced field fortificationa were exposed under
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identical conditions, three of which were considered damaged. An um-
reinforced field fortification consisted of no more than an excavation,
and was considered damaged if it was at least half full of earth., A
seinforced field fortification consisted of an excavation which was
either covered, revetted, or both covered and revetted, and was con-
sidered damaged if any significant part of the structure failed,
Dotailed drawings of all of the Desert Rock fortifications are pre-
sented in the reports referenced above,

Blagt Damage Curves

The blast darwage curves are presented in Figs. G.1 to G.&,
They are a result of the applic tion of the analytical procedure to
the raw data, With probability of damage as ordinate, peak over-
pressure, maximum earth particle velocity, and slant range, all scaled
to 1 KT, were chosen as abscissa, For each figure, type of field
fortification or type of burst was chosen as the parameter,

When applying the Sandia Corporation's method, we assume there
exists a reversed normal distribution curve which best fits the data.
The next step is to find the mean and the standard deviation, Once
these values are determined, the particular curve is fixed, The
theory of why a reversed normal distribution curve is selected and
the theoretical derivation of the best mean and standard deviation
will not be discussed in this appendix., The equations which yield
the best wvaluss of the mean and standard deviation are:

Ged.2

k=l . k=l .
m= > T} P 3 0 = DT -m
i=t ' J21

mean

°
—
L I BN B I 1)

standard deviation

difference in probabilities of adjacent sets
value of the parameter dividing two adjacent gets
nunber of sets

As an example, consider the probability of the dama;e curve for
reinforced fortificetions with peak overpressure as absciss: for the
uniderground burst, which is shown in Fig. G.5. Tables G.?2 and G,.3 are
the complete work sheets used for developin; this damage curve, Their
purpose is to dotermine the values of m and T according to the
above equations, and to then obtain nine selected points of the
corresponding reversed normal distribution curve vhich best represent
the data,
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Fig. G.1 Probability of Blast Damage to Field Fortifications vs

Peak Overpressure Scalad to 1 XT Based on Desert Rock
Data From the Underground, Surface, and Air Bursts,
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Fig. G,2 Probability of Blast Damage to Fisld Fortifications vs
Slant Range Scaled to 1 KT Based on Desert Rock Data
From the Underground, Surface, and Air Bursts,
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Fig, G.3 Probebility of Blast Damage to Unreinforced Field Fortifications
vg Peak Overpressure Scaled to 1 KT for the Desert Rock
Underground, Surface, and Air Bursts.
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Pig. G.4 Probability of Blast Damage to Unreinforced Field For’.fi-
cations vs Slant Range Scaled to 1 KT for the Desert i-1k
Underground, Surface, and Air Bursts,
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Fig. G.5 Probability of Blast Damage to Reinforced Pield Fortifications
vs Peak Overpressure Scaled to 1 KT for the Desert Rock
Underground, Svxface, and Air Bursts,
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N Fig. G.6 Probability of Blast Damage to Reirforced Pield Fortifications
vs Slant Range Scaled to 1 KT for the Dagert Rock Uaderground,
Surface, and Air Bursts,
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Fig. G.7 Probability of Blast Damage to Unreinforced Field Fortifi-
cations vs Maximum Particle Velocity Scaled to 1 KT for the
Desert Rock Underground and Surface Burst,

100
—~ Underground burst
= 80 -
o -—-— Surface burst
I
] .
» 40 | /
o
-
g 20 .

0

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0
Maximun Particle Velocity (ft/sec)

Fig. G.8 Probability of Blast Damage to Reinforced Field Fortifications
vs Maximun Particle Velocity Scaled to 1 KT for the Desert
Rock Underground and Surface Burst.
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Table G.2 - Part I of Work Sheet for Developing Undercround Burst
Damage Curve for Fig. G.5

Observation Peak P P P .
Number Qverpressure Regrouped
P.3.1. No. Damaged
No, Damaged + No. Undaraged
1 50 2/2 | ) )
2 45 1/1
3 35 2/2 | }-8/e -8/8
4 30 1/1
2 22 1;1
17 1/1 ] g
7 15 0/2 1/3 R
8 15 1/1 |
9 14 0/2 L 4/12
10 13 1/1 | F2/4
11 9.2 1/1
12 842 C/3
13 7.9 1/2 _:]' Vs |
14 7.8 0/1
15 6.9 0/1
16 6.5 0/1
17 6.2 0/1 —2/8 ~2/3
18 5.6 0/1
19 5.6 1;1
20 5.5 1/2 |
| 5.3 0/1 < 4’{
22 5.2 0/1
23 5.0 0/1 | Fo/é fo/e
24 2.9 0/1
25 2,3 0/2 P P
G.3 RLSCUSSTON

G.3.1 Jata Apalvsis

As can be seen in Pigs. 5.1 to G.4, the Desert Rock data show
Very little difference between the damzge susceptability of the three
types of reinforced fortifications, Tharefora, the Dessrt Rock data,
vhich vas presented to include four types of Cortifications, should
be considered to include only two, unrainforced and reinforced,

The dam:ze curves presented with peak overpressure as absclsss
Fig. 6.3, and G.5, are rather stasp and lend themselves to the
settlag up of damize categories, which are shown in Table G,4 below,
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Table G.3 ~ Part II of Work Sheet for Developing Underground Burst

Damage Curve for Fig. G.5

e — z:ﬁ
P Range Range Extende Range Inverted
1,000 50-17 : - 5 0 - 0,0625
00333 15"7-9 16 - ,08 0.%25 - 0.128
00250 708‘5.5 7.8 - 5.4 0.128 00185
0.000 503'2.3 5-4 - 0 0.185
2
T Py T3Py Ty Py = 0,0987
0.0625 0.£67 0.0418 0.00262 = 0.0526
0.128 0.083 0.01C6 0,00136
0.185 0.250 0.0463 0,00855
I-M T-M T 1/1 Brobability (%)
‘300 '0.158 - - 100
-2.,0 -0,115 - - 97.5
-1.5 «0.0790 0.01¢7 50,6 93
-1.0 «0,0526 0.0461 21,6 84
0 0 0.0987 10,1 50
1.0 0.0526 0,151 6,61 16
1.5 0.0790 0.178 5.61 7
2'0 00115 00214 4067 205
3.0 0.158 0.257 3.89 0

Table G.4 - Damage Criterie Based on Peak Overpreisure

e e e |
T=:;obability Critical Peak Overpressure (psi)
of Damage Unreinforced Reinforesd
(per cent) Fortifications Fortifications
Underground | Surface| Air | Underground | Surface | Air
Burst Burst |Burst Burst Burst | Burst
10 3 3 ? é ) VA 8
50 4 5 13 9 27 16
90 5 17 25 21 45 29

As brought out by Pigs. 5.3 and G.4, the data on unreinforced
£ield fortifications indicate that the type of burst (air, surface,
underground) may be sizniftcant. The air burst curve stands apart
froam the surface and underground burst curves when plotted on either
a psnk overpressure or slant range basis, The implication is that
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bcth the surface and underground bursts are more damaging than the

air burst, This trend disappears as we approach ground zero (high
peak overpressures and low scaled slant ranges). Since this
lanlication is serious, it must be stressed that this is based on a
*inited amount of data and, hence, is susceptable to sizeable errors.

For reinforced field fortifications, the curves for air,

s} 20, and underground bursts practlecally colncide when slant range
s vged as abscissa; but they again separate when peak overpressure
is used as abscissa, The reason for the separation in the later case
is not evident, It should be pointed out that although Fig. G.5 is
for reinforced field fortifications, the air burst curve is based on
data which are primarily taken from "covered" field fortifications,
while the surface and underground burst curves have very little data
from the "covered" field fortification zroup. These two curves are
based solely on data from the "revetta2d" and "covered and revetted"
group, The surface and underground burst curves each have a re-
latively poor correlation, and there can be noted a tendency for the

_ npavetted" fortification data to displace these two curves further to
the right and the "covered and revetted" fortification data to dis-
place these curves toward the left.

It is interesting to note that one of the necessary conditions
that the variable selacted as abscissa for the damagze curves be the
true damage causing factor (if there is only one and not a combination
of two or more) is that the air, surface, and underground burst curves
coincide. The curves were considered as not coinciding in all cases
but one, the implication being that slant range; peak overpressure, or
maximum earth-particle velocity is not the one true influencing factor,
One difficulty in drawing this as a conclusion is that other errors may
be causing these deviations and the true curves may really be coin-
cident. Furthermore, since coincidence is a necessary condition but
not a sufficient one, the abscissa for the one case vwhere the curves
did coincide i1s not necessarily the true influencing factor for that

caso, In other words, we have a negative check for the true variable
but not a positive ome.

G.3.2 [Error Apnalysis

Because of the time consuming complexdty of treestment of the
data, a mathematical error analysis is not preseanted; but mention of
the contributing factors can be made,

1. The hw 1n error in obta!-inz, recording, and evaluating
the raw data may be very significant, There were many cuses vhere it
was difficult to determine decisively whether a fortification should
be considered "damaged" or "undamazed",

2, No allowvance was made for the variatinn in the designs
and in the strengths of the materials used for covers and revetments.
Likevise, no allowvance was made for the variation im ground conditlons,
in orientation of the fortifications, or in the relative dimensions
of the fortifications.

3. When applying the Sandia Corporation mathematical method,
the lack of sufficient raw data results in the curves bainy too
flexible, Errors of the order of 25 per cent are not unlilsly. This
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would correspond to an error band for each curve, the width correspond-
ing in some cases to the difference between the curves which are to be
compared. The method really falters at the extreme ranges of protabile
ity, and visual modifications based on the raw data were made in thess
regions. The distribution of the raw data is shown in Table G.5.

Tabls G.5 - Distribution of Raw Data

MMype of | Tvee of Fortification |
Burst unreinforced revetted covared covered and revetted

Air 58 2 Al 8

Surface 18 13 0 10

Underground 28 20 0 15

L. Peak overpressures and maximum earth particle welocities
were taken from curves in Tii 23-200 dated 1 October 1952 which have
an "estimated reliability" of * 25 per cent and * 50 per cent
respectively,

The influence of the above four points is not evident in the
figures because of the complexity of the process through which the
data muat pass in order to yield a curve., As a matter of fact, any
monotone set of three groups or more will produce a damage curve
regardless of whether the variable under consideration is or is not
producing the damage. This is becau  : the method assumes the
reversed normal distribution to begia with and utilizes the data to
determine the two coastants m and ¢ ., Once these are determined,
the corresponding reversed normal distribution curve is presanted as
beinz representative of the data, By modifying the curves at their
extremes, satisfactory values for high and low probability vere
obtained, The data for intermediute values of "probability of
damage" were rather sparce, and a better correlation would have been
obtained nad there been more data, The probable error in this
apnendix is estimated at ¥ 30 per cent for Pigs. G.2, G.4, G.6;

+ 45 per cent for Figs. G.1l, G.3, G.5, and for Table G.4; and * 60
per cent for Figs. G.7 and G.8.

G.4 yQLUSTON Al L DATION

It 1s concluded that damage criteria for tha Desert Rock field
fortifications are shown in Tabtle G.4, with an estimated probadle
error of ¢ 45 per cent.

It is recomrended that, until batter data can be obtained, the
blast damage criteria presented here be apvropriately included in
Td 23200,
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